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ABSTRACT 


Veins  of  the  (Ag,  Bi,  Ni,  Co,  As)  association 

i 

are  the  products  of  retrograde  greenschist  facies 
metamorphism  involving  brine-mineral  exchange  in  geo- 
thermally-heated  fluids.  This  has  been  determined  on 
the  basis  of  all  mineralogical ,  petrographical ,  geo¬ 
chemical,  stratigraphical ,  structural  and  tectonic 
evidence  either  studied  directly  by  the  writer  at  the 
Northrim  Mine  or  gained  through  interpretation  of  the 
available  literature.  Areas  studied  intensively  from 
the  literature  include  the  Camsell  River,  Echo  Bay 
(Port  Radium)  and  Cobalt-Gowganda  districts.  Brief 
references  to  the  Erzegebirge,  Kongsberg  and  Broken 
Hill  districts  have  also  been  made. 

The  'lateral  secretion*  hypothesis  of  Robinson 
(1971)  and  Robinson  et  al.  (1972),  and  the  metahydro- 
thermal  hypothesis  of  Halls  and  Stumpfl  (1969*  1972) 
appear  to  be  consistent  with  all  the  available  geo¬ 
logical  evidence  gathered  by  the  writer.  The  Cobalt- 
Gowganda  deposits,  previously  considered  to  be  genetic¬ 
ally  distinct  from  other  (Ag,  Bi,  Ni,  Co,  As)  deposits, 
are  also  products  of  retrograde  greenschist  facies 
metamorphism  involving  brine-mineral  exchange  of 
elements . 
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involves  the  coincidence  of  several  geological  conditions. 
At  minimum,  these  conditions  include  the  presence  of 

/ 

partially  confined  aquifer  systems,  high  geothermal 
gradients,  restricted  surface  water  influx,  waning 
geothermal  activity  and  fracture  generation.  All  of 
these  conditions  were  almost  certainly  present  during 
vein  and  wall  rock  mineralization  in  all  the  districts 
studied.  Magmatic  conditions,  resulting  in  plutonic 
intrusion  of  one  kind  or  another,  are  insignificant 
with  respect  to  hydrothermal  fluid  provenance,  "but  not 
with  respect  to  hydrothermal  fluid  migration.  Fluid- 
mineral  exchange  would  occur  in  plutonic  rocks  in  the 
same  manner  as  in  the  volcanic  and  sedimentary  rocks. 

The  Salton  Sea  is  a  modern  geothermal  system  with  brine 
fluids  similar  to  the  ones  which  were  almost  certainly 
responsible  for  (A g,  Bi,  Ni,  Co,  As)  deposit  and  green- 
schist  facies  mineralization. 

The  Northrim  deposits,  including  host  rock 
volcanogenic  massive  sulfide  deposits,  have  been  studied 
in  detail  and  the  following  points  may  be  of  interest. 

A  possibly  new  mineral,  "brederite"  (formula:  PbAs) 
was  observed  in  the  veins.  A  mineral  of  the  aikinite- 
rezbanyite  series  is  a  common  component  of  the  Northrim 
veins.  The  Northrim  vein  paragenesis  is  remarkably 
similar  to  the  ones  of  the  Norex  and  Terra  veins  in  the 
Camsell  River  district  and  of  the  21dora.do  and  Echo  Bay 


vi 


veins  in  the  Fort  Radius  district.  The  Northrim, 
Camsell  River  and  Port  Radium  veins  are  remarkably 
similar  in  details  of  mineralogy,  composition,  morph 
ology  and  paragenesis  to  the  veins  of  the  Cobalt- 
Gowganda  region. 
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CHAPTER  1 


INTRODUCTION 


The  North rim  Mine 

The  Northrirn  Mine  is  situated  on  the  north  shore 
of  the  Rainy  Lake  reach  of  the  Camsell  River  250  miles 
north  northwest  of  Yellowknife,  Northwest  Territories 
(Fig.  1).  The  mine  is  entered  via  a  portal  into  the 
side  of  a  50  foot  high  hill  which  drops  steeply  into 

the  Camsell  River.  The  underground  workings  consist 
of  a  haulage  ramp,  exploratory  crosscuts  and  subdrifts, 
compressor,  mill,  machine  shop  and  shipment  rooms,  a 
winze  which  drops  to  the  125  foot  level,  a  decline 
which  curls  around  once  in  a  10%  descent  to  the  250 
foot  level,  and  several  drifts  which  follow  major  complex 
vein  structures  (Fig.  2). 

Ore  has  been  mined  out  of  the  000  composite 
vein  structure  between  the  land  surface  and  the  210 
foot  level,  out  of  the  014  composite  vein  structure 
between  the  land  surface  and  the  210  foot  level,  and 
the  056  vein  on  the  056  level.  Two  four-wheel  drive 
scoop  trams  deliver  the  ore  up  the  haulage  ramp  where 
it  is  fed  directly  through  a  grizzly  and  into  a  75  "ton 
per  day  (t.p.a.)  jaw  crusher  on  the  east  wall  of  the 
mill  room. 

The  jaw  crusher  comminutes  the  ore  to  gravel¬ 
sized  fragments  which  are  then  fed  into  a  75  t.p.d. 
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Figure  1:  Northrim  Mine  location  map. 
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ball  mill.  The  ground  product  is  then  passed  onto  a 
coarse  jig  from  which  the  heaviest  granules  are  bagged. 
The  remaining  product  is  then  recycled  through  a 
classifier  and  ball  mill  until  sufficiently  ground 
to  sand-size  for  the  gravity  table.  The  heavy  separate 
off  the  table  is  bagged;  the  lighter  separate  is  dumped 
into  one  of  9  small  flotation  cells  with  a  total  75 
t.p.d.  capacity.  The  sulfide-rich  float  is  bagged 
and  like  the  jig  and  table  concentrates  is  stored  in 
an  adjacent  room  to  await  shipment.  The  tailings  are 
pumped  above  the  hill  and  into  a  small  land-locked 
slough.  The  concentrates  are  then  trucked  out  (winter) 
or  barged  out  (summer)  to  be  smelted  at  the  Cominco- 
owned  complex  at  Trail,  British  Columbia.  A  flow  chart 
displaying  the  milling  process  in  greater  detail  is 
shown  in  Figure  3» 

The  concentrates  contain  abundant  Ag,  Cu,  Pb, 

Zn,  Fe,  Sb,  As  and  Bi  but  very  little  Au  (Table  1). 

Not  included  in  the  concentrate  assays  given  but  also 
found  in  abundance  are  U,  Ni  and  Co.  Minerals  identi¬ 
fiable  in  the  concentrates  include  native  silver,  native 
bismuth,  acanthite^,  galena,  sphalerite,  chalcopyrite , 
uraninite,  various  arsenides  and  some  sulfosalts. 

Pyrite,  marcasite,  magnetite,  dolomite,  calcite, 


^Low  temperature  polymorph  of  argentite. 


■ 

■ 


4 


plagioclase,  quartz  and  several  ferromagnesian  minerals 
are  the  identifiable  impurities  in  these  concentrates. 
All  concentrate  impurities  save  the  first  three  are 
abundant  in  the  tailings  which  contain  little  of  the 
heavier  metal-bearing  minerals  . 

The  Northrim  concentrates  and  ores  thus  contain 
the  elements  and  minerals  characteristic  of  the  ores 
referred  to  as  the  "Cobalt- type"  (Stanton,  1972),  the 
"  (Ag,  Bi,  Co,  I\Ti,  As)  veins"  (Hall  and  Stumpfl,  1972) 
or  as  the  "Ni-Co-Ag  ore  type"  (Bastin,  1939).  Concen¬ 
trates  and  ores  similar  to  the  ones  at  Northrim  have 
been  or  are  being  produced  in  the  Norex  Mine  li  kilo¬ 
metres  south,  the  Terra  Mine  6  kilometres  west  and  the 
Eldorado,  Echo  Eay  and  Contact  Lake  Mines  50  kilometres 
north  of  the  Northrim  minesite.  The  purpose  of  this 
dissertation  is  to  describe  the  minerals,  structure 
and  geological  environment  of  the  ores  which  contain 
the  rare  elements  produced  from  the  mines,  particularly 
with  reference  to  the  ones  at  Northrim.  In  addition, 
suggestions  will  be  made  concerning  the  genesis  of 
these  ores. 


2 

On  a  trial  mill-run,  millheads  assayed  13  ounces 
Ag/ton,  jig  concentrates  66 0  ounces  Ag/ton,  table  concen¬ 
trates  84  ounces  Ag/ton,  float  concentrates  175  ounces 
Ag/ton  but  tailings  less  than  1  ounce  Ag/ton.  All  were 
from  fire-assays  performed  by  Dr.  D.  Robertson  on  January 
24,  1977. 
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Figure  3 ;  Northrim  Mine  mill  flow  chart. 


TABLE  1 


CONCENTRATE  COMPONENTS 


Concentrate 


Component 


( wt .  %) 

Jig 

Table 

Float 

Au  (oz/ton) 

0.01 

0.04 

0.02 

Ag  (oz/ton) 

2733-0 

502.1 

295-5 

Cu 

0.95 

1.1 

5-2 

Fb 

13-7 

18.9 

22.  3 

Zn 

1.8 

2-3 

19.4 

S 

- 

- 

25-7,  25 

Si°2 

2.0 

2.3 

3-3 

a12°3 

1.2 

1.4 

1.5 

Fe 

33-0 

29.0 

17.7 

CaCO^ 

0.3 

0.5 

0.2 

Sb 

0.1 

0.1 

0.1 

As 

8.5 

11.9 

3.4 

Bi 

2.55 

2.5 

0.  94 

Proportion  of 
total  concen¬ 
trate 

2J/o 

42  % 

33% 

All  assays  performed  by  Cominco  Ltd.  on  a  dry  10  pound 
sample  concentrate.  Values  given  are  those  for  an 
assay  settlement  (Cominco  -  Northrim  Mines  Ltd. )  dated 
May  16,  1972,  save  those  values  marked  *  which  were 
from  a  similar  settlement  dated  November  11,  1975* 

Co  and  Ni  were  not  assayed. 
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Previous  Work 

The  first  scientific  expedition  to  the  Great 
Bear  Lake  discovered  erythrite  and  annabergite  in  altered 
veins  which  were  to  become  the  mines  in  the  Port  Radium 
vicinity,  some  50  kilometres  north  of  the  present  Northrim 
Mine  (Bell,  1900).  Staking  at  Port  Radium  in  1929  drew 
prospectors  to  the  area  and  similar  deposits  were  found 
in  the  Camsell  River  area.  Among  them  were  veins  dis¬ 
covered  by  E.  B.  McLellan  and  W.  S.  Workman  at  the  site 
of  the  current  Northrim  Mine  and  veins  discovered  by 
John  Borthwick  one-half  mile  to  the  northeast.  In  1934, 
White  Eagle  Silver  Mines  Limited  excavated  the  presently 
employed  adit,  winze  and  000  drift  at  the  mine.  A  1,365 
pound  bulk  sample  from  the  000  drift  was  sent  to  the 
Mines  Branch  in  Cttawa--it  assayed  988  ounces  Ag/ton, 

0.01  ounce  Au/ton,  5*27$  Pb,  0.55^  Co  and  1.10$  Ni 
(Assessment  files,  Dept.  Ind.  Aff.  North.  Dev.).  At 
the  same  time,  a  60  foot  shaft  was  sunk  on  the  Borthwick 
property. 

Following  discovery  of  gold  at  Yellowknife,  work 
was  discontinued  until  Camsell  River  Silver  Mines  took 
over  both  properties.  Drilling  commenced  in  1947,  and 
26  holes  totalling  1,750  feet  in  length  outlined  an  ore 
shoot  averaging  34  ounces  Ag/ton  across  46  inches  for 
260  feet  west  of  the  adit  (op.  cit.).  Two  radioactive 
highs  were  discovered  on  the  100  level  and  samples  of 
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the  highs  assayed  7*38  ounces  Ag/ton  and  0.226^ 

u3o8- 

/ 

The  workings  lay  idle  until  Fred  Lypka  restaked 
the  property  in  196?.  Silver  Bay  Mines  Limited  took 
over  mining  operations  the  following  year  and  Federated 
Mining  Corporation  three  years  later.  The  present 
owners,  Northrim  Mines  Limited,  took  over  in  1972 
(Assessment  files,  Dept.  Ind.  Aff.  North.  Dev.).  Most 
of  the  mine  development  has  occurred  since  then. 

Except  for  mining  assessment  and  engineering 
reports,  only  J.  F.  N.  Badham  ( 197 3t> »  1975)  and  D.  F. 
Kidd  (1938)  have  described  parts  of  the  Northrim  occur¬ 
rences.  The  nearby  Terra  and  Norex  deposits  have  been 
studied  in  detail  by  Badham  (19731)  but  much  of  the 
academic  literature  only  concerns  the  ore  deposits 
near  Port  Radium  (e.g.  Robinson  and  Ohmoto,  1971). 

There  have  been,  however,  many  attempts  at  proposing 
geneses  for  one  or  all  of  the  vein  deposits  in  the  Great 
Bear  Lake  area.  Among  them  are  the  geneses  of  Robinson 
(1971).  Robinson  et  al.  (1972),  Thorpe  (197*0.  Shegelski 
and  Scott  (1975).  Badham  (1978)  and  Gandhi  (1978). 


The  Bear  Province 

The  east  shore  of  Great  Bear  Lake  lies  within 
the  Bear  Province  defined  by  Jolliffe  (19^8)  and  charac¬ 
terized  by  K-Ar  ages  at  1700  to  1850  m.y.  in  the  Wopmay 
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Orogen  and  700  to  850  m.y.  in  the  stratigraphically 
younger  Amundsen  Basin  (Wanless  et  al.,  1963).  The 
Wopmay  Orogen  has  been  subdivided  into  three  parts  1 
the  eastern  Epworth  fold  belt,  the  central  Hepburn 
plutono-metamorphic  belt  and  the  belt  of  the  Great 
Bear  Batholith  (Fraser  et  al.,  1972).  The  younger 
belt  of  the  Great  Bear  Batholith  is  separated  from 
the  older  Hepburn  plutono-metamorphic  belt  by  the 
Wopmay  Fault. 

The  Great  Bear  Batholith  consists  of  three 
north- trending  volcano-sedimentary  belts  which  have 
been  partially  separated  by  epizcnal  plutons  and  which 
have  been  offset  by  major  northeast- trending  dextral 
faults  (Hoffman  et  al. ,  1976).  The  westernmost 
volcano-sedimentary  belt,  bordering  the  eastern  shore 
of  Great  Bear  Lake,  comprises  the  geographically  separ¬ 
ated  Echo  Bay  and  Camsell  River  "blocks" ,  two  volcano¬ 
sedimentary  roof  pendants  draped  over  the  Great  Bear 
Batholith.  Their  geographical  separation  has  been 
attributed  to  displacement  along  major  northeast¬ 
trending  dextral  faults  (Hoffman  and  Bell,  1975) • 

All  occurrences  of  (Ag,  Bi,  Co,  Ni,  As)  veins  in 
the  3ear  Province  known  to  the  writer  have  been  found 
within  or  adjacent  to  the  Camsell  River  -  Echo  Bay 
volcano-sedimentary  belt. 


.  p  .  \SSi- Otf 
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Great  Bear  Lake  Stratigraphy 

The  Camsell  River  -  Echo  Bay  volcano-sedimentary 
belt  has  been  divided  into  7  sequences  by  P.  Hoffman  and 
J.  McGlyrm  (1977).  The  lowermost  Hottah  Lake  sequence 
(2500  m. )  begins  with  interbedded  quartzite  and  silt- 
stone  (Unit  1,  Fig.  4)  which  is  riddled  with  basalt 
dykes  that  act  as  feeders  to  overlying  basalt  flows 
(Unit  2)  containing  thin  interbeds  of  mudstone  laminated 
air- fall  tuff  and  quartz  pebble  conglomerate.  The  over- 
lying  Camsell  River  sequence  (4500  m.)  begins  with  welded 
rhyolitic  ignimbrite  (Unit  3)  which  contains  small,  dis¬ 
continuous  horizons  of  basalt  flows,  air-fall  tuff  and 
volcanoclastic  sandstone.  Rhyolitic  plug  domes  (Unit  4) 
intrude  the  ignimbrite  and  are  flanked  by  wedges  of 
rhyolite  pebble  conglomerate  within  the  ignimbrite. 

The  ignimbrite  is  overlain  by  orthoquartzite  (Unit  5) 
which  is  in  turn  succeeded  by  volcanoclastic  sandstones 
and  tuffaceous  mudstones  interfingered  with  rhyolite 
flows  (Unit  6).  The  mudstones  are  the  hosts  to  the  ores 
at  the  Terra  Mine  (Badham,  1973^)* 

Host  rocks  at  the  Norex  and  the  Northrim  Mines 
are  the  intercalated  porphyritic  andesite  and  basalt 
flows  and  tuffs  (Unit  7)  of  the  overlying  Echo  Bay 
sequence  which  varies  in  thickness  from  1500  metres 
near  the  Camsell  River  to  2600  metres  near  Port  Radium 
(op.  cit. ,  1977).  Similar  flows  and  tuffs  are  the  host 


- 
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rocks  for  the  ores  of  the  Eldorado  and  Echo  Bay  Mines 
at  Port  Radium  (Robinson  et  al. ,  1971;  Robinson,  1971). 

/ 

These  rocks  are  in  turn  succeeded  by  andesite  pebble 
conglomerate  (Unit  8)  and  dacitic  ignimbrite  (Unit  9, 

Fig.  4)  of  the  Conjuror  Bay  sequence  (0-2200  m.).  A 
few  porphyritic  andesite  and  basalt  flows  are  found  in 
the  ignimbrite  (Hoffman  et  al. ,  1976). 

The  next  three  sequences  of  the  Camsell  River  - 
Echo  Bay  volcano-sedimentary  belt:  the  Lindsley  Bay 
(0-1160  m.  of  rhyolitic  ignimbrites  intercalated  with 
alluvial  sediments),  the  Achook  Island  (110  m.  -  810  m. 
of  andesite  flows)  and  the  Doghead  Point  (400  m.  of 
dacitic  ignimbrite);  resemble  the  previous  three 
sequences  (Hoffman  and  McGlynn,  1977)  but  do  not  occur 
in  the  Camsell  River  area  nor  do  they  host  any  (Ag,  Bi, 

Ni,  Co,  As)  veins  known  to  the  writer.  These  same  two 
conditions  also  apply  to  the  uppermost  Elizabeth  Lake 
sequence  (1200  m. )  of  rhyolitic  ignimbrites  which  resemble 
ignimbrites  of  the  Lindsley  Bay  sequence. 


Great  Bear  Lake  Plutonism 

The  plutonic  basement  of  the  Camsell  River  -  Echo 
Bay  volcano-sedimentary  belt  includes  members  of  three 
suites:  a  raonzonite-syenite  suite,  an  adamellite  suite 

and  a  granitic  suite  (Hoffmann  and  McGlynn,  1977).  Mem¬ 
bers  of  the  monzonite-syenite  suite  include  the  Rainy 
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Figure  4:  Cassell  River  regional  geology. 
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Lake  and  Balachey  Lake  plutons  in  the  Camsell  River 
area  (Fig.  4)  and  the  Contact  Lake  and  Glacier  Lake 

/ 

plutons  in  the  Echo  Bay  area.  The  (Ag,  Bi,  Ni,  Co,  As) 
veins  of  the  Contact  Lake  Mine  are  found  inside  and  the 
veins  of  the  El  Bonanza  Mine  beside  the  Contact  Lake 
monzonite  (Fumival,  1939;  op.  cit.  ,  1977). 

The  Rainy  Lake  pluton  is  a  differentiated  sill 
whose  lower  part  consists  of  coarsely  prophyritic  syeno- 
diorite  which  grades  into  an  upper  part  composed  of  finely 
crystalline  syenite  (Fig.  4).  There  is  a  narrow  chill 
zone  of  porphyritic  monzonite  and  there  are  satellite 
intrusions  of  finely  crystalline  hornblende  syenodiorite 
(Hoffman  et  al. ,  1976).  The  other  plutons  of  the  syenite- 
monzonite  suite  are  less  differentiated  but  Badham  (1973*0 
notes  borders  and  dykes  of  aplite  and  porphyry  related 
to  these  plutons.  The  dioritic  intrusions  and  dykes  in 
the  Camsell  River  volcano-sedimentary  sequence  mapped  by 
Shegelski  and  Murphy  (1972)  also  belong  to  this  suite. 

The  plutons  of  the  syenite-monzonite  suite  have 
sharp  contacts,  are  generally  concordant  with  the  volcano¬ 
sedimentary  pile  and  are  demonstrably  synvolcanic  (op. 
cit.,  1977).  Conglomerates  in  ignimbrite  (Unit  3,  Fig. 

4)  contain  pebbles  of  quartz  monzonite;  the  conglomerate 
(Unit  8)  near  Balachey  Lake  contains  plutonic  clasts  of 
syenitic  and  monzonitic  composition  (op.  cit. ,  1976)  and 
pyroclastic  breccias  at  the  Northrim  Mine  contain  fragments 


. 
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of  plutonic  lithology  (this  study).  The  conglomerate 
near  Balachey  Lake  rests  unconformably  on  the  Balachey 

i 

Lake  pluton  which  intrudes  the  lavas  and  flows  north 
of  the  Northrim  Mine  (Badham,  1973b). 

Plutons  of  the  biotite-hornblends  adamellite 
suite  include  the  Hogarth  pluton  but  even  this  pluton 
occurs  north  of  the  (Ag,  Bi,  Ni,  Co,  As)  occurrences 
near  Fort  Radium.  Plutons  of  this  suite  are  also 
demonstrably  synvolcanic  (op.  cit. ,  1977).  They  are 
slightly  discordant  with  the  volcano-sedimentary  pile 
and  are  surrounded  by  contact  metamorphic  aureoles 
wider  than  those  of  the  plutons  of  the  syenite-monzonite 
and  granite  suites  (ibid.,  1977). 

Plutons  of  the  biotite  granite  suite,  often 
porphyritic,  include  the  Richardson  Island  pluton. 

They  are  very  coarsely  crystalline  but  unlike  plutons 
of  the  other  two  suites,  they  have  chilled  borders,  are 
highly  discordant  and  postdate  folding  of  the  volcano¬ 
sedimentary  pile  (ibid.,  19 77)*  The  granite  plutons  in 
the  north  are  preceded  by  northeast  trending  alkaline 
porphyritic  dykes.  The  porphyritic  dykes  described 
by  Badham  (1973a; b)  and  mapped  as  granite  dykes  by 
Shegelski  and  Murphy  (1972)  are  most  likely  their 
counterparts  in  the  south.  The  porphyritic  granite 
dykes  truncate  the  Balachey  Lake  pluton. 

It  should  be  stressed  that  some  members  of  the 
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granite  suite  may  not  intrude  the  volcano-sedimentary 
pile.  In  one  instance,  the  lowermost  Hottah  Lake 
sequence  rests  unconf ormably  on  a  granite  which  has 
not  been  known  to  intrude  any  member  of  the  volcano¬ 
sedimentary  pile.  The  unconformity  may  represent  the 
paleo topographical  surface  of  a  pre-volcanic  granite 
(Hoffman  and  McGlynn,  1977) • 

Great  Bear  Lake  Structure 

The  Camsell  River  -  Echo  Bay  volcano-sedimentary 
belt  has  been  broadly  folded.  Fold  axial  planes  strike 
northv/est  and  fold  axes  plunge  towards  the  northwest. 
Northeast  dipping  limbs  are  the  more  prominent 
(Hoffman  and  Bell,  1975)  and  folding  increases  in 
intensity  but  decreases  in  amplitude  towards  some 
plutonic  margins  (Badham,  1973a,  b).  Thus  plutonic 
intrusion  may  have  accompanied  folding,  and  folding 
may  have  accompanied  volcanism  since  most  plutons,  for 
example  the  one  which  helped  produce  ptygmatic  folding 
in  tuff  beds  near  the  Echo  Bay  Mine  (Robinson,  1971). 
are  synvolcanic .  Folding  was  probably  accompanied  by 
faulting  which  in  at  least  two  instances  is  known  to 
be  synvolcanic.^ 


•^Evidence  cited  includes  minor  northeast  trending 
faults  of  small  displacement  (Hoffman  et  al.  ,  1976)  and 
a  tectonically  brecciated  limestone  immediately  overlain 


. 


. 


17 


The  dominant  faults  of  the  Camsell  River  -  Echo 
Bay  belt,  and  of  the  whole  of  the  Great  Bear  Batholith, 
are  dextral  northeast  trending  faults  which  generally 
splay  towards  the  Wopmay  Fault  in  the  east.  Movements 
of  up  to  several  kilometres  occurred  along  them  and 
their  splays  but  only  far  lesser  movements  occurred 
along  faults  of  different  orientation.  Several  kilo¬ 
metre  displacements  of  all  plutonic,  sedimentary  and 
volcanic  lithologies  suggest  that  the  major  dextral 
movement  of  the  northeast  trending  faults  occurred 
after  all  felsic  and  intermediate  igneous  activity 
had  ceased. 

Faults  are  key  features  in  the  Camsell  River  and 
Echo  Bay  areas  for  they  are  the  loci  of  porphyritic 
dykes,  “giant  quartz"  veins,  mineralized  (Ag,  Bi,  Ni, 

Co,  As)  veins  and  diabasic  dykes.  Porphyritic  dykes 
antedate  major  dextral  movements  along  northeast  faults 
but  "giant  quartz"  veins,  which  often  occupy  major  north¬ 
east  fault  systems  (Badham,  1973^) »  must  have  been 

% 

formed  contemporaneously  during  major  fault  movements 
since  they  have  been  repetitively  brecciated  and  in¬ 
filled  by  later  generations  of  quartz  (ibid.,  1973^)* 
Mineralized  (Ag,  Bi,  Ni,  Co,  As)  veins  truncate  por¬ 
phyritic  dykes  north  of  the  Northrim  Mine  (Dollery-Pardy, 


by  a  non-brecciated  conglomerate  containing  angular 
fragments  of  that  same  limestone  near  the  Terra  Mine 
(Badham,  1973^) • 
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unpub. )  and  at  the  Norex  Mine  but  the  No rex  veins  are 
truncated  in  turn  by  a  diabase  dyke  (op.  cit. ,  1973b). 
The  mineralized  veins  of  the  Echo  Bay  and  Eldorado 
Mines  have  also  been  truncated  by  a  diabase  dyke 
(Robinson,  1971). and  diabase  dykes  truncate  both 
"giant  quartz"  veins  and  major  northeast  faults  in 
the  Camsell  River  area  (op.  cit.,  1973”b)«  Thus  both 
the  "giant  quartz"  veins  and  the  mineralized  (Ag,  Bi, 
Ni,  Go,  As)  veins  were  emplaced  synchronously  with 
major  movements  on  the  northeast  faults,  after  the 
intrusion  of  porphyritic  dykes  but  before  the  intrusion 
of  diabase  dykes. 


Age  Relationships 

Relative  age  relationships  have  been  established 
for  the  Camsell  River  -  Echo  Bay  volcano-sedimentary 
belt  and  associated  intrusive  rocks.  However,  absolute 
ages  may  only  be  inferred  from  radiometric  dating  of 
the  rocks  concerned.  Dating  of  Echo  Bay  volcanic  and 
plutonic  rocks  yields  a  cluster  of  dates  within  Aphebian 
times.  A  Rb-Sr  whole  rock  isochron  date  of  1770+30  m.y« 
is  accompanied  by  K-Ar  hornblende  dates  of  1580+60  and 
1650+40  m.y.  (Robinson,  1971;  Robinson  and  Morton,  1972). 
Other  radiometric  dates  from  the  same  authors  include 
K-Ar  hornblende  dates  of  1630  and  1690+40  m.y.  and 
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K-Ar  biotite  dates  of  1650  and  l?00+20  m.y.  on  a 
granodiorite  of  the  C-lacier  Lake  pluton  and  similar 
K-Ar  dates  on  a  granite  along  the  shore  of  Great  Bear 
Lake.  U-Pb  zircon  dating  of  the  same  granite  at  Echo 
Bay  yields  an  age  of  1320+30  m.y.  (Thorpe,  1974).  A 
K-Ar  biotite  date  of  1785  m.y.  (GSC  61-55)  has  been 
obtained  on  a  granodiorite  in  the  Camsell  River  area 
(Lowdon,  1961). 

Radiometric  dates  of  Proterozoic  age  have  also 
been  obtained  from  diabase  dykes  and  mineralized 
veins.  A  Rb-Sr  whole  rock  isochron  date  of  1425±48  m.y 
on  the  diabase  sheet  at  Port  Radium,  is  accompanied  by 
a  K-Ar  biotite-hornblende  date  of  1400+75  m.y.  on  a 
diabase  sheet  25  kilometres  northeast  of  Port  Radium 
(Thorpe,  1974).  U-Pb  pitchblende  dates  averaging 
1445+20  m.y.  have  been  determined  in  the  mineralized 
veins  at  the  Eldorado  Mine  but  the  model  Pb  age  ob¬ 
tained  from  ordinary  vein  galenas  from  the  Eldorado, 
Echo  Bay  and  Norex  Mines  is  l633±34  m.y.  (ibid.,  1974) 
Thus  the  diabase  dykes  at  Port  Radium,  and  probably 
throughout  the  Camsell  River  -  Echo  Bay  volcano¬ 
sedimentary  belt,  appears  to  be  younger  than  the 
mineralized  veins  or  any  other  lithological  feature. 

An  exception  would  be  the  magnetite-actinolite  veins 
dated  at  1420+60  m.y.  applying  the  K-Ar  method  to 
actinolite  (Robinson,  1971).  The  "skarn"  at  the 
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Terra  Mine  and  a  galena  vein  on  Glut  Island,  share  a 
model  Pb  date  of  about  1780  m.y.  (op.  cit. ,  197*0. 

The  radiometric  dates  are  consistent  with  field 
evidence  as  to  the  synvolcanic  nature  of  the  plutons, 
the  Aphebian  age  of  the  rocks,  and  the  succession 
of  depositional  and  tectonic  events.  The  dates  also 
indicate  that  there  has  not  been  any  intense  regional 
scale  thermal  metamorphism  since  the  Aphebian.  More 
specifically,  regional  rock  temperatures  have  not 
exceeded  150-200^  C.  since  1600  m.y.,  the  inferred 
maximum  temperature  at  which  biotite  loses  ^Ar  (Hart 
et  al.,  1968;  Moorbath,  1971). 


■ 


K|  * 


CHAPTER  2 


HOST  ROCK  GEOLOGY 

i 

Lithology 

(a)  Flows 

The  dominant  host  rock  for  the  silver-bearing 
veins  of  the  Northrim  Mine  is  basalt.  The  basalt  is 
generally  massive,  does  not  appear  porphyritic  and 
contains  few  vesicles  (Plate  1-1).  It  varies  in 
color  depending  on  the  predominant  mineral:  gray  and 
grayish  pink  basalts  contain  more  albite,  yellow  green 
basalts  more  epidote,  dark  green  basalts  more  chlorite 
and  black  basalts  more  magnetite  than  the  more  standard 
intermediate  green  variety.  The  basalt  is  composed  of 
a  non-aligned  albite  microlite  (0.05-0.5  mm.)  matrix 
with  interstitial  and  intersertal  chlorite,  magnetite, 
calcite,  dolomite,  biotite,  amphiboles,  apatite,  pyrite, 
ilmenite  and  sphene.  Labradorite  and  pyroxene  pheno- 
crysts  were  present  but  the  labradorite  has  been  altered 
to  epidote,  albite,  sericite ,  quartz  and/or  carbonate 
and  the  pyroxene  has  been  altered  to  actinolite,  bio¬ 
tite,  chlorite,  sphene,  pyrite,  ilmenite  and/or  magnetite. 
Phenocryst  outlines  may  still  be  observed  in  most  speci¬ 
mens  (Plate  1-2)  and  phenocryst  replacement  minerals  are 
identical  to  those  in  the  few  vesicles  found  in  the 
common  Northrim  basalt. 
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Two 


PLATE  I.  Major  Hock  Units. 

1-1.  Non-porphyritic  basalts.  The  core  at  the  top  of 
the  imase  represents  a  dark  green,  chloritic  lava  wnic 
has  been  brecciated.  The  light  rims  adjacent  to  the 
chlorite  in ter fragmental  spaces  are . carbonare-ricn . 
examples  of  calcite-mineralized  vesicular  basalts  are 
also"  shown.  The  one  which  grades  into  mottled  non- 
vesicular  material  of  the  same  flow  contains . chalco- 
pyrite  (cp)  mineralization,  and  the  other  which .is  y 
far  the  most  vesicular  lava  found  at  the  Northnm  Mine 
contains  pyrite  (py)  mineralization.  0.?x  actual  size 


1-2.  Porphyritic  latite.  Transmitted  light  image.  . 
x  nicols.  Albite  microlites  with  interstitial  magnetite, 
biotite  and  chlorite.  Areas  2.7  x  2.0  mm. 


1-3.  Porphyritic  latites.  The  core  at  the  top  repre¬ 
sents  the  common  green  andesine-porphyritic  variety  &nd. 
the  core  at  the  bottom  represents  the  marker  brick-red 
anorthoclase (?)  -porphyritic  variety  found  in  the  horthnm 
sequence .  Phenocrysts  of  the  latter  unit  are  cloudy  in 
thin  section  and  contain  appreciable  quantities  of  K.  0.7 
x  actual  size. 

1-4.  Porphyritic  latite.  Transmitted . light .  X  nicols. 
Two  anaesine  phenocrysts,  whose  boundaries  have  been  cor¬ 
roded  by  matrix  solutions,  occur  in  an  albite-chlorite 
matrix.  Areas  2.7  x  2.0  mm. 

1-5.  Pyroclastic  breccias.  Three  examples,  one  of. 
them  a  magmato-pyroclastic  breccia  with  large  plutonic 
clasts,  another  a  winnowed  (cf.  reworked)  pyroclastic 
breccia  with  small  basaltic  and  plutonic  clasts  and  a 
sulfide  pyroclastic  breccia  are  shown  on  the  image. 

Sulfide  pyroclast  boundaries  have  been  altered  slightly 
by  sulfide  mineral  flowage. 

1-6.  Trachybasalt  fragments.  Transmitted  light. 
Plagioclase  phenocrysts  have  been  replaced  pseudomor- 
phously  by  carbonate  (white).  The  hexagonal  mineral 
may  have  once  been  apatite.  The  black  mineral  is 
magnetite.  Area  2.7  x  2.0  mm. 


PLATE  I 


Tremolite-actinolite  is  the  common  amphibole 
and  there  are  blue  to  colorless  Na+  and  Fe+-^  rich 

/ 

amphibole  needles  whose  composition  and  optics  change 
during  crystal  growth  off  vesicle  walls  and  inside 
former  phenocrysts  (R.  Lambert,  pers.  comm.).  Biotite 
is  pleochroic  in  deep  greens  and  replaces  both  amphi- 
boles  and  is  in  return  replaced  by  chlorite.  Much  of 
the  chlorite  is  a  penninite  variety  with  mauve  and 
Berlin  blue  interference  colors,  but  there  are  chlorites 
with  normal  interference  colors.  Chlorite  and  biotite 
appear  dark  brown  next  to  pyrite  but  not  to  sphene, 
magnetite,  ilmenite,  and  other  mafic  minerals. 

Vesicular  basalts,  seemingly  non-porphyritic 
and  resembling  the  previous  basalts  in  all  other  charac¬ 
teristics  (Plate  1-1)  have  been  found  in  the  southern 
half  of  the  mine.  Vesicles  (1  mm.  -  2  cm. )  are  filled 
with  calcite,  chlorite,  a  sodic  amphibole,  epidote, 
pyrite,  chalcopyrite ,  pyrrhotite,  magnetite,  ilmenite, 
sphene,  apatite  quartz  and/or  albite.  Albite  microlites 
and  quartz  anhedra  occur  most  often  along  vesicle  walls: 
apatite  is  a  sporadic  constituent;  ilmenite  and  magne¬ 
tite  sometimes  rimmed  by  sphene,  occur  both  as  skeletal 
and  euhedrai  masses  with  calcite,  chlorite,  epidote 
and/or  amphibole  needles;  pyrrhotite,  chalcopyrite  and 
pyrite  may  fill  vesicles  completely,  but  they  may  also 
occur  with  other  vesicle  minerals  and  in  such  instances 
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they  often  overgrow  vesicle-matrix  boundaries;  epiaote 
has  only  been  observed  with  calcite,  chlorite  and  quartz 

i 

in  some  vesicles  from  the  southern  half  of  the  mine;  the 
sodic  amphibole  occurs  as  needles  growing  off  vesicle 
walls;  chlorite  and  calcite  are  by  far  the  most  abun¬ 
dant  vesicle  filling  minerals,  and  either  may  rim 
vesicle  walls  even  when  other  vesicle  filling  minerals 
are  present.  All  basalts  and  tuffs  have  a  few  vesicles 
and  the  specific  vesicle  minerals  present  are  those 
which  replace  phenocrysts  and  matrices  in  their  re¬ 
spective  hosts. 

Dark  green,  generally  non-vesicular ,  porphyritic, 
andesites  and  latites  (Plate  1-3),  conformable  with 
other  rocks  in  the  Northrim  sequence,  are  found  through¬ 
out  the  mine.  Broken,  non-oriented,  relict  andesine- 
labradorite  phenocrysts  (0.5-5  mm.)  are  characteristi¬ 
cally  enveloped  by  an  albite  microlite  (0.05-1  mm.) 
matrix  containing  intersertal  and  interstitial  chlorite, 
amphiboles,  biotite,  magnetite,  ilmenite,  pyrite,  sphene 
apatite,  dolomite  and  calcite.  Phenocryst  centers  are 
sometimes  altered  to  calcite,  biotite  and  epidote  and 
phenocryst-microlite  boundaries  have  been  corroded 
(Plate  1-4).  A  sodic  alteration  rim  representing 
albite  replacement  of  labradorite  phenocrysts  is 
common.  Phenocryst-microlite  boundaries  are  also 
overgrown  by  chlorite,  amphibole,  biotite,  calcite, 
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magnetite,  ilmenite  and  pyrite  crystals  and  patches 
but  all  these  minerals  except  calcite  may  be  found  as 

/ 

skeletal  masses  replaced  by  another  generation  of 
albite  microlites.  One  such  skeletal  mass  consisted 
of  alternating  pyrite  and  magnetite. 

A  curious  brick-red  variety  of  porphyritic 
latite  (Plate  1-3)  occurs  on  the  north  end  of  the 
decline  at  the  060  level.  Texturally  it  resembles  the 
dark  green  porphyritic  andesite  but  there  are  two 
important  differences.  Andesine  phenocrysts  (0.5-3  mm.) 
are  more  highly  altered  to  epidote,  biotite  and  calcite. 
Magnetite  is  rare  and  where  present  has  been  replaced 
by  hematite:  a  fine  hematite  dust  also  permeates  the 
whole  rock.  Hematite  accounts  for  the  brick-red  color 
of  the  rock  but  both  the  hematite  and  the  red  color  is 
restricted  to  this  unit.  The  lithic  lapilli  pyroclastic 
breccia  below  and  the  non-porphyritic  basalt  above  are 
green  and  magnetic.  The  porphyritic  latite  is  locally 
magnetic  and  gray-green  only  within  0.5  metres  of  the 
lower  and  within  2  centimetres  of  the  upper  contacts. 
Both  contacts  are  sharp  and  the  red  color  does  not 
occur  with  high  K-feldspar  content,  unlike  the  brick- 
red  altered  rocks  adjacent  to  some  vein  structures. 
Therefore,  the  brick-red  coloration  of  the  latite  is 
an  original  magmatic  characteristic  representing  high 
oxygen  fugacity.  Red  lavas  and  tuffs  of  this  nature 
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are  found  in  island  arc  volcanic  rocks  of  New  Zealand 
(Coombs  in  Amstutz,  197*0. 


(b)  Pyroclastic  Breccias 
Lithic  lapilli  and  agglomeratic  pyroclastic 
breccias  (Plate  1-5)  are  most  common  in  the  northern 
half  of  the  mine.  The  breccias  are  composed  of 
angular,  blocky,  non-oriented  and  poorly-sorted 
fragments  set  in  a  matrix  of  non-oriented,  non-clastic 
biotite ,  chlorite ,  magnetite ,  pyrite  and  albite.  The 
coarser  agglomerates  contain  numerous  clasts  of  finely 
crystalline  and  coarsely  crystalline,  light-colored 
and  dark-colored  porphyritic  and  non-porphyritic , 
syenites,  syenodiorites  and  monzonites  of  various 
textures,  with  or  without  andesine/labradorite  pheno- 
crysts  (0.5-3  mm.).  'The  finer  lapilli  pyroclastic 
breccias  contain  more  clasts  of  basalt,  especially  a 
highly  magnetic  variety  particularly  common  at  the 
base  of  the  pyroclastic  breccia-dominated  sequence  at 
the  Northrim  Mine.  Lapilli  breccia  matrices  are  more 
variable  than  agglomerate  matrices:  some  lapilli 
matrices  are  composed  almost  completely  of  crystal 
and  lithic  fragments  but  others  resemble  basalt  lavas, 
for  the  fragments  are  often  completely  separated  by 
non-clastic  secondary  minerals.  Plutonic  fragments 
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of  the  granite-granodiorite  suite  are  conspicuously 
absent  in  the  breccias. 

Pyroclastic  breccias  are  altered  in  the  same 
manner  as  the  other  Northrim  rocks.  Magnetite  patches, 
prominent  in  the  interfragmental  matrix,  transect 
pyro clast-matrix  boundaries  as  do  biotite-chlorite 
patches,  pyrite  cubes,  chlorite  ve inlets,  epidote 
needles  and  calcite-chlorite-dolomite-  etc.  masses 
and  stringers.  Some  pyroclast  plagioclases  have  been 
irregularly  replaced  by  epidote,  albite.  quartz  and 
carbonate;  all  hornblendes  (?)  have  been  replaced  by 
biotite,  chlorite,  sphere,  pyrite,  ilmenite,  and  mag¬ 
netite.  The  latter  three  minerals  also  overgrow 
plagioclase. 

Volcanoclastic  sediments  are  found  within  the 
pyroclastic  breccias  of  the  northern  half  of  the  mine. 
They  are  of  three  kinds:  a  poorly  sorted  and  poorly 
graded  variety  with  oriented,  lapilli-sized,  sub- 
angular  to  subround  and  varied-colored  volcanic  and 
plutonic  clasts  (cf.  reworked  pyroclastic  breccia); 
a  moderately  well-sorted  but  poorly-graded  variety 
with  many  angular  plagioclase  (to  2  mm. )  and  a  few 
subround  magnetic  basalt  (to  3  mm.)  fragments  set  in 
a  chlori tic- fragmental  matrix  (cf.  reworked  crystal 
tuff);  and  a  moderately  well-sorted,  non-graded  variety 
with  round  granules,  mostly  of  volcanic  provenance  (cf. 
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volcanoclastic  sandstone).  The  reworked  pyroclastic 
breccia  (Plate  1-5)  is  particularly  abundant  in  the 
mine;  the  reworked  crystal  tuff  occurs  5  metres  north 
of  the  056  level  sump;  and  the  volcanoclastic  sandstone 
is  found  only  as  two  bands  less  than  1  centimetre  wide 
apiece  and  less  than  5  centimetres  apart  within  the 
reworked  pyroclastic  breccia. 

Trachybasalts  are  uncommon  host  rocks  of  the 
Northrim  mine  but  they  are  common  elsewhere  in  the 
Camsell  River  area  (Badham,  1973a, b).  Trachybasalt 
fragments  occur  in  volcanic  flow  and  pyroclastic 
breccias  and  in  such  instances  are  recognized  by  their 
high  magnetite  content.  One  example,  a  pyroclastic 
breccia  fragment  (Plate  1-6)  contains  relict  plagio- 
clase  phenocrysts  completely  replaced  by  carbonate 
and  set  in  a  matrix  almost  completely  replaced  by 
magnetite  and  ilmenite.  Another  example,  a  trachy¬ 
basalt  flow,  has  been  intensively  carbonatized  and 
its  phenocrysts  and  matrix  are  composed  of  the  alter¬ 
ation  assemblages  and  textures  characteristic  of  the 
non-trachytic  basalts. 

(c)  Plutonic  and  Hydrothermal  Units 

Magnetite-apatite-actinolite+hematite  bodies 
have  not  been  found  in  the  Northrim  Mine  but  there 
are  several  lenses  a  few  kilometres  north  (Fig.  4). 
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All  are  located  in  brick-red,  hematite-dusted,  potassic 
volcanic  rocks.  In  one,  pegmatitic  magnetite  octahedra, 

i 

orthoclase  laths  and  apatite  columns  intrude  a  feldspath- 
ized  andesite.  In  another,  specular  hematite  is  dis¬ 
seminated  throughout  a  sericitic  and  chloritic  matrix. 

In  another,  magnetite  fills  fractures  within  a  brecciated 
andesite  which  has  been  highly  metamorphosed.  The 
breccia  fragments  contain  chlorite  with  bronze-yellow 
interference  colors,  feldspars,  epidote,  actinolite, 
ilmenite,  magnetite  and  pyrite.  The  latter  minerals 
have  been  partially  altered  to  sphene  and  hematite. 

There  were  no  contact  textures  (e.g.  chilled  borders) 
observed  save  for  local  centimetre  scale  hematitic 
alteration  of  the  host  rock  matrix.  Contact  meta- 
morphic  minerals  such  as  scapolite  and  tourmaline 
were  not  observed  although  the  occurrences  are  situ¬ 
ated  close  to  the  Balachey  Lake  pluton  and  well  within 
that  pluton' s  feldspathized  contact  aureole  (Dollery- 
Pardy,  unpublished  mine  reports). 

Feldspathized  volcanic  rocks  also  occur  at  the 
Northrim  Mine.  They  occur  erratically  along  vein 
structures  and  xenoliths  of  these  rocks  occur  within 
the  veins  themselves,  especially  amongst  the  earlier 
phases  of  mineralization.  These  rocks  are  identified 
by  their  deep  brick-red  color  along  vein  margins  and 
their  gray  green  color  further  away  (Plate  II-l). 
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PLATE  II.  Minor  Rock  Units. 


tj_X.  Feldspathized  and  hematized  lava  sequence.  The 
most  *  intense  f eldspathization  and.hematization. occurs 
adjacent  to  the  mineralized  dolomite-quartz  veins.  -he 
lighter  gray  areas  are  the  ones  where  feldspa.thiza.tion 
and  hematization  occur:  the  core  taken  furthest  from 
the  vein  is  only  albitized  along  three  stringers. 


11-2.  Forphyritic  syenite  dyke.  Transmitted  light 
image.  A  relict  feldspar  crystal  has  been  replaced 
pseudomorphously  by  quartz  crystals.  Area:  2.7  x  2.0  mm 

II- 3.  Forphyritic  syenite  dyke.  Transmitted  light. 

Relict  hornblende  phenocrysts  have  been  replaced  pseudo- 
morphously  by  green  biotite  (gray),  sphene  (dark  gray) 
and  oyrite  (black).  The  smaller  dark  gray  crystals  are 
sericitized  orthoclases.  Other  orthoclases  in  the  same 
thin  section  have  hardly  been  altered.  Area:  2.7  x  2. 
mm. 


I.I-4.  Forphyritic  monzonite  dyke.  Transmitted  light. 
Quartz  (white)  and  carbonate  (gray)  have  pseudomorphously 
replaced  a  relict  plagioclase  crystal.  Epidote  needles 
surround  the  pseudomorphs .  Some  other  plagioclases  in 
the  same  section  have  hardly  been  altered.  Area:  2.7  x 
2.0  mm. 

H-5.  Sulfide-oxide  lens.  Reflected  light  image. 
Magnetite  (dark  gray)  and  chalcopyrite  (light  gray) 
crystals  are  present  in  this  section.  The  magnetite 
crystals  have  been  fractured.  Area:  1.9  x  1.4  mm. 

II-6.  Brecciated  sulfide  mass.  Reflected  light. 

Pyrite  (gray)  has  been  tectonically  brecciated.  Some 
of  the  fractures  have  been  filled  by  sphalerite. 

Area:  2.4  x  1.9  mm. 
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The  red  color  is  imparted  by  fine  grained  hematite 
(<ly);  the  gray-green  color  is  imparted  by  K- feldspar 
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and/or  albite.  In  both  the  brick-red  and  gray-green 
altered  lavas,  K- feldspar  laths  (1  y  -  a .re  dominant 

but  albite  becomes  dominant  towards  the  outside  edges 
of  these  altered  rocks.  Relict  pyroxene  phenocrysts 
have  been  completely  altered  to  biotite,  chlorite, 
sphene,  ilmenite  and/or  magnetite;  relict  plagioclase 
phenocrysts  have  been  completely  altered  to  epidote, 
sericite  (?)  and  K-feldspar.  The  ground  mass  is 
composed  of  K-feldspar,  quartz,  albite  and  the  alter¬ 
ation  minerals  just  mentioned.  Magnetite  and  to  a 
lesser  extent,  ilmenite,  may  be  completely  absent  from 
the  most  intensely  altered  rocks  and  replacement  tex¬ 
tures  are  more  regular  towards  the  outside  edges  of  the 
f eldspathized  volcanic  rocks.  The  f eldspathized  rocks 
have  the  relict  textures  of  the  other  wall  rocks  that 
they  grade  into  but  they  are  characterized  by  their  more 
altered  nature  and  by  the  presence  of  abundant  K-feldspar 
and/or  albite.  Carbonate  may  replace  all  alteration 
minerals  locally  in  the  feldspathized  rocks  adjacent 
to  mineralized  veins  and  stringers  but  only  carbonate 
stringers  are  abundant  throughout  these  rocks. 

Porphyritic  dyke  rocks  of  the  granite-grano- 
diorite  suite  are  numerous  1  kilometre  north  of  the 
mine  and  two  samples  were  available  for  study.  The 
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first,  a  granite,  contains  non-oriented  megacrysts  of 
sericitized  and  silicified  orthoclase  (2-10  mm.+), 
sericitized  and  epidotized  oligoclase  (3-15  mm.+)  and 
chloritized  and  titanitized  hornblende  (1-5  m.),  set 
in  an  aphanitic  matrix  of  quartz,  orthoclase  and  albite. 
Quartz  porphyroblasts  (3-15  mm.+  )  may  assume  the  shapes 
of  feldspar  laths  (Plate  II-2)  but  replacement  of  feld¬ 
spar  by  quartz  is  variable  in  intensity;  the  feldspars 
may  have  been  replaced  completely  or  hardly  at  all. 
Orthoclase  megacrysts  have  been  replaced  by  chlorite 
and  albite  along  fractures;  oligoclase  megacrysts  by 
biotite,  orthoclase  and  chlorite  along  fractures;  and 
hornblende  megacrysts  have  been  replaced  directly  by 
ilmenite,  pyrite  sphere,  biotite  and  chlorite  (Plate 
II— 3 ) •  Sphene  may  also  rim  ilmenite  and  overgrow 
feldspar.  The  quartz  porphyroblasts  show  smooth  regu¬ 
lar  outlines  with  the  matrix;  the  oligoclase  and  ortho¬ 
clase  megacrysts  corroded  outlines.  The  relict  feldspar 
and  hornblende  megacrysts  are  remarkably  fresh  compared 
to  those  of  the  volcanic  rocks. 

The  second  sample,  a  porphyritic  granodiorite 
(cf.  quartz  monzonite)  is  somewhat  similar.  It  consists 
of  non-oriented  epidotized  oligoclase  (0.5-6  mm.)  and 
chloritized  hornblende  (0.5-3  mm.)  phenocrysts  set  in 
an  aphanitic  matrix  of  quartz  and  albite.  Pseudomor- 
phous  replacement  of  oligoclase  phenocrysts  first  by 
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quartz,  then  by  calcite,  has  been  beautifully  preserved 
(Plate  II-4).  Once  again,  replacement  of  plagioclase 
phenocrysts  by  quartz  (and  in  this  instance,  calcite)  is 
a  variable  process.  Oligoclase  fractures  are  occupied 
by  chlorite,  calcite  and  epidote;  hornblende  phenocrysts 
are  replaced  by  ilmenite,  sphene ,  chlorite  and  calcite. 
Calcite  and  chlorite  patches  overgrow  phenocryst  and 
matrix  minerals. 

Alteration  of  porphyritic  granite-granodiorite 
dyke  rocks  resembles  alteration  of  volcanic  rocks  since 
the  secondary  mineral  assemblages  and  their  respective 
replacement  features  are  nearly  identical.  Differences 
are  few:  quartz  is  an  uncommon  secondary  mineral  in 
the  highly  aluminous  but  silica-poor  volcanic  rocks 
and  tremolite-actinolite  and  other  secondary  amphiboles 
have  not  yet  been  found  in  the  more  felsic  dyke  rocks. 


(d)  Volcanogenic  Massive  Sulfides 
Sulfide  minerals  are  abundant  throughout  the 
Northrim  Mine  and  they  occur  as  disseminated  crystals, 

irregular  masses,  vesicle  fillings,  fracture  fillings, 
vein  mineralization  and  discrete  lenses  throughout  the 
Northrim  Mine.  Pyrite  is  by  far  the  most  common  sul¬ 
fide  and  it,  chalcopyrite ,  sphalerite,  galena  and  pyrrho- 
tite,  occur  in  wall  rocks  far  removed  from  mineralized 


veins . 
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Discrete  sulfide  lenses  have  been  found  in  the 
Northrim  Mine.  These  lenses  are  thin  (0.2-1  in.), 

/ 

narrow  (0.5-2  m.  )  and  short  (1-5  m.  )  and  they  are 
numerous,  especially  near  the  major  flow  to  breccia 
transition  and  the  000  and  014  vein  structures.  Their 
long  and  intermediate  axes  lie  on  planes  oriented 
parallel  to  flow  and  bedding  contacts  and  therefore 
these  lenses  may  be  magmatic  deposits  related  to  their 
host  lavas,  tuffs  and  breccias  in  the  Northrim  Mine. 

One  small  lens,  a  magnetite-pyrite-chalcopyrite- 
silicate  mass  (Plate  II—  5 ) »  occurs  on  the  decline  north 
of  the  210  level  drift.  Chalcopyrite  and  pyrite  blebs 
(0.5-3  cm.)  are  intruded  by  elongated  idiomorphic  mag¬ 
netite  crystals  (0. 2-2. 5  mm.).  Magnetite-sulfide  con¬ 
tacts  are  idiomorphic  and  magnetite  inclusions  (l-10y) 
are  abundant  inside  non-brecciated  pyrite  crystals  and 
hence  magnetite  and  the  two  sulfide  minerals  are  thought 
to  be  coeval.  No  exsolution  lamellae  were  observed 
in  the  magnetite  and  this  magnetite  most  likely  contains 
low  Ti+\  Fe*-^,  V+4  and  Mn+  ^  in  solid  solution.  Two 
vesicles  (0.5.  1.0  cm.  dia. )  composed  of  calcite, 
quartz,  actinolite  and  chalcopyrite  embay  the  magnetite- 
sulfide  mass.  Vesicle  actinolite  and  quartz  intrude  the 
host  sulfides  but  not  magnetite  and  neither  host  magne¬ 
tite  nor  pyrite  enter  the  vesicles.  One  vesicle  assumes 
a  shape  which  pseudomorphs  an  isometric  mineral,  perhaps 
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a  zeolite  ar.d  hence  the  host  lens  is  demonstrably  pre- 
metamorphic  and  most  likely  syngenetic  with  the  associated 
silicate  rocks.  Both  mineralogy  and  texture  are  similar 
to  samples  of  the  metamorphosed  sulfide-magnetite  ore 
body  at  Balmat,  New  York  seen  by  the  writer  at  the 
University  of  Western  Ontario. 

Most  lenses  contain  no  magnetite  and  are  numerous 
near  the  000  vein  structure.  Minerals  observed  include 
pyrite,  marcasite,  chalcopyrite,  sphalerite,  galena  and 
ilmenite.  All  primary  and  secondary  sulfide  minerals 
and  lenses  are  transected  by  mineralized  quartz- carbonate 
stringers  and  veins  representing  all  stages  of  vein  min¬ 
eralization.  In  massive  varieties,  i.  e.  lenses  almost 
completely  composed  of  sulfides  and  having  sharp  con¬ 
tacts  with  all  host  rocks,  pyrite  and  sphalerite  por- 
phyroblasts  (0.1-4  mm.  and  up)  stand  out  from  their 
finer  crystalline  marcasite-pyrite-chalcopyrite  matrices. 
In  tectono-brecciated  varieties  (Plate  11-6),  by  far  the 
more  common,  brittle  pyrite  and/or  marcasite  crystals 
have  been  broken  into  smaller  fragments  (0.01-1  mm.), 
morphologically  parallel  to  ESE  rock  cleavages.  Inter- 
fragmental  spaces  may  then  be  filled  by  sphalerite, 
chalcopyrite,  tremolite,  chlorite,  quartz,  feldspar 
and/or  carbonate  and  fractures  may  be  filled  by  later 
quartz- carbonate  vein  mineralization.  Marcasite,  a 
low  temperature  polymorph  of  pyrite,  often  occurs  as 
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masses  replaced  by  pyrite.  Galena  and  ilmenite  are 
only  accessory  minerals  of  the  sulfide  lenses. 

Two  sulfide  pyroclastic  breccias  were  found 
and  both  occur  in  horizons  conformable  to  other  beds 
of  the  Northrim  Mine.  The  first,  a  lapilli  pyroclastic 
breccia  at  the  000  north  drift,  consists  of  slightly 
broken,  non-oriented,  subangular  pyrite  fragments  (1-8 
mm.)  set  in  a  matrix  of  smaller  silicate  fragments. 

The  second,  a  pyroclastic  breccia  of  subround  to  sub- 
angular  pyrite-chalcopyrite  lapilli  and  bombs,  was 
found  in  core  drilled  70  metres  south  of  the  125  level 
drift  along  the  decline.  It  is  described  below. 

The  bottom  contact  of  the  second  pyroclastic 
breccia  is  sharp  and  conformable  with  other  contacts 
observed  in  core  sections  from  the  same  hole.  Sulfide 
pyroclasts  decrease  in  size  upwards  from  the  bottom, 
and  at  0.4  m.  above  the  bottom  contact,  all  traces  of 
fragment  outlines  disappear.  Larger  pyroclasts  are 
more  regular  than  smaller  ones  and  smaller  ones  become 
less  regular  and  less  discernible  than  the  larger  ones 
towards  the  top  of  the  unit.  Chalcopyritic  and  pyritic 
pyroclasts  are  more  easily  discerned;  sphaleritic 
pyroclasts  less  so.  Galena  is  a  constant  but  less 
abundant  member  of  some  pyroclasts.  The  top  of  the 
pyroclastic  breccia  is  truncated  by  a  4  centimetre 
thick  quartz-carbonate  vein  and  several  quartz-carbonate 
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stringers  truncate  sulfide  pyroclasts  and  masses  below. 
Some  of  the  pyroclasts  and  masses  have  been  rimmed  by  ' 
carbonate  (Plate  III-l)  and  intruded  upon  by  idioblastic 
quartz  (Plate  III-2). 

The  larger  (0.5-3* 5  cm.),  more  easily  discerned 
pyroclasts  near  the  bottom  of  the  unit,  consist  of  non- 
oriented  pyrite  fragments  (0.05-1  mm.)  set  in  a  chalco- 
pyrite  matrix  (Plate  III-l).  The  pyrite  fragments  occur 
as  random  clusters  which  form  regular  crystals/fragments 
upon  reconstruction  fragment  by  fragment.  The  chalco- 
pyrite  matrix  and  pyrite  fragments  nevertheless  form 
a  pyroclast  with  subangular  outlines  despite  any  matrix 
replacements  (Plates  III-l,  III-2),and  despite  possible 
sulfide  flowage.  The  pyrite-chalcopyrite  pyroclasts 
themselves  are  variable  in  size  and  orientation  and 
hence  they  were  emplaced  under  free-fall  conditions. 

The  pyrite  fragment  -  chalcopyrite  matrix  texture  is 
similar  to  some  breccia  textures  found  in  the  massive 
sulfide  ores  of  Outukumpu,  Finland  (Ramdohr,  1969). 

The  texture  at  Northrim  is  thought  to  be  the  result  of 
two  phreatic  explosions i  the  first,  a  contained  ex¬ 
plosion  which  brecciated  pyrite  in  place,  an  event 
followed  by  chalcopyrite  infilling  in  place;  and  the 
second,  a  non-contained  explosion,  which  broke  and 
scattered  the  sulfide  pyroclasts  which  subsequently  set¬ 
tled  into  their  present  positions.  The  pyrite  fragments 


PLATE  III.  Sulfide  Pyroclastic  Breccia 

III-l.  Reflected  light  image.  A  sulfide  pyroclast, 
consisting  of  pyrite  fragments  (white)  and  a  chalco- 
pyrite  matrix  (light  gray)  is  enveloped  by  a  carbonate 
(black)  rim.  The  pyrite  fragments  occur  in  clusters, 
each  of  which  may  be  rearranged  into  idiomorphic  crystals 
Chalcopyrite  has  filled  the  interstitial  space  between 
pyrite  fragments  and  some  chalcopyrite  has  filled  inter¬ 
stitial  soaces  between  carbonate  rhombs.  A  relict 
sphalerite  (gray )- chalcopyrite  (light  gray)  pyroclast 
occurs  in  the  upper  left  comer. 

HI-2.  Reflected  light.  Another  pyroclast,  similar 
to  the  one  before,  has  been  extensively  replaced  by 
quartz  (qz)  and  chlorite  (ch).  Quartz,  a  mineral. un¬ 
common  in  the  Northrim  rocks,  may  have  formed  during 
exhalative  activity.  Chalcopyrite  and  sphalerite  fill 
the  spaces  between  pyrite  fragments. 

III-3,  III-4.  Reflected  light.  Chalcopyrite-sphalerite 
pyrite  flew  structure.  Pyrite  fragments  (white)  and 
sphalerite  (dark  gray)  lamellae  align. par all el  to  one 
another  in  a  chalcopyrite-dominated  field.  Note. the 
changes  in  alignment:  these  may  correspond  to  dif¬ 
ferences  in  present  individual  chalcopyrite  crystal 
orientations  and  may  indicate  relict,  melded  pyroclasts. 
Pyrite  fragments  maintain  their  brecciated  outlines,  the 
sphalerite  and  chalcopyrite  material  does  not. 

III-5.  Reflected  light.  Relict  sphalerite  pyroclast 
with  exsolved  chalcopyrite  inclusions  (white).  Numerous 
galena  inclusions  of  this  size  (not  photographed)  also 
occur  in  this  relict  sphalerite  pyroclast.  The  dark 
gray  mineral  is  calcite  and  it  rims  numerous  pyroclasts. 

III-6 .  Reflected  light.  Galena  (white ) -chalcopyrite 
(light  gray)  eutectoid  intergrowth.  Sphalerite. (gray) 
and  quarts  (black)  also  occur  in  the. image.  This  tex¬ 
ture  results  from  sulfide  recrystallization  and  triple 

junctions  are  discernible  within  the  chalcopyrite  on. 
the  original  photograph.  The  sulfide  recrystallization 
almost  certainly  occurred  during  regional  metamorphism. 


The  white  bars  of  this  plate  and  the  ones  of  succeeding 
plates  represent  50 P sample  distance. 
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PLATE  IV.  Sulfide  Mineralization. 

IV-1.  Reflected  light  image.  Chalcopyrite  (white) 
and  sphalerite  (light  gray)  has  been  partially  replaced 
by  felty  biotite,  fibrous  actinolite  and  by  clear  feldspar. 
A  quartz  stringer  containing  chalcopyrite  and  sphalerite 
occurs  within  the  left  side  of  the  image. 

IV-2.  Reflected  light.  Pyrite  (white)  and  sphalerite 
(light  gray)  has  been  enveloped  by  biotite  (felted  gray). 
The  matrix  mineral  is  feldspar. 

IV-3.  Reflected  light.  Pyrite-chalocpyrite  pyroclastic 
mass  veined  by  sphalerite  (dark  gray).  Galena  veins  may 
also  occur  and  both  galena  and  sphalerite  veins  are 
spatially  continuous  with  sulfide  mineralization  inter- 
stitially  emplaced  between  carbonate  rhombs.  Quartz 
veins  (black)  occur  towards  the  edges  of  host  pyroclasts. 

IV-4.  Reflected  light.  Galena  (white)  and  chalco-. 
pyrite  (light  gray)  mineralization  in  vein  quartz  which 
truncates  the  sulfide  pyroclastic  breccia  of  previous 
images.  Idiomorphic  hexagonal  crystals  of  quartz  (gray) 
and  a  matrix  of  dolomite  (mottled  gray)  are  also  present. 

IV-5.  Reflected  light.  Pyrite  cube  (white)  whose 
fractures  have  been  filled  by  chalcopyrite  (light  gray) 
occurs  as  a  xenolith  in  vein  dolomite  (black) . 

IV-6.  Reflected  light.  Black  sphalerite  (white)  vein 
crosses  brown  sphalerite  (white )-rich  wall  rock.  A  few 
chalcopyrite  (light  gray)  blebs  also  occur  in  the  wall 
rock.  The  sphalerite  vein  has  been  truncated  by  a 
felted  mass  of  biotite  (bi).  The  vein  sphalerite  (v) 
has  a  slightly  different  composition  than  the  host 
exhalative  (?)  sphalerite  (h)--element  concentrations 
of  these  two  varieties  have  been  included  in  Table  ?• 

One  grain  of  cobaltite  (w)  occurs  in  this  image. 


The  white  bars  of  this  plate  represent  5^  sample  distance. 
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were  broken  in  place  and  their  interfragmental  spaces 
were  filled  by  chalcopyrite  before  and  not  after  the  • 
second  explosive  event  since  chalcopyrite  and  pyrite 
together  formed  the  pyroclasts  and  the  pyroclast 
surfaces  were  neither  broken  nor  separated  in  the  same 
manner  as  the  pyrite  fragments.  The  same  observation 
precludes  a  post-depositional ,  tectonic  fragmentation 
of  pyrite  as  does  the  spheroidal  shape  of  the  pyrite 
fragment  clusters  themselves.  The  large  size  of  some 
heavy  sulfide  clasts  (1-3  cm.)  suggest  that  the  ex¬ 
plosion  occurred  in  a  vent  well  within  2  kilometres 
of  the  present  mine,  a  suggestion  confirmed  by  the 
presence  of  even  larger  (up  to  18  cm. )  monzonitic 
pyroclasts  in  the  agglomeratic  pyroclast  breccias 
elsewhere  in  the  Northrim  Mine. 

Smaller  pyroclasts  are  discernible  near  the 
bottom  of  the  unit  but  become  more  irregular  towards 
the  top.  Chalcopyrite-sphalerite  intergrowths,  some  of 
which  resemble  pyroclasts  in  shape,  may  also  contain 
pyrite  fragments  (Plate  III-3).  Pyrite  "rafts"  (i.e. 
fragments)  and  sphalerite  "islands"  have  been  aligned 
parallel  to  one  another  and  this  alignment  may  change 
direction  but  not  form,  within  fractions  of  a  millimetre. 
This  alignment  cannot  be  an  exsolution  feature  since 
the  pyrite  still  retains  its  fragmental  outlines  and 
the  proportion  of  sphalerite  to  chalcopyrite  is  too 
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high.  The  present  alignment  does  not  coincide  with 
pyroclast  outlines  and  can  only  be  accounted  for  by 
recrystallization  and  "plastic"  flowage  of  chalcopyrite 
and  sphalerite.  Some  chalcopyrite-sphalerite  inter¬ 
growths  and  pyrite  fragments  are  found  together  in  paral¬ 
lel  alignments  (Plate  IV-4)  and  this  indicates  some 
sulfide  flowage  occurred  under  directional  stress. 

This  stress  is  thought  to  be  tectonic  since  any  sulfide 
mineral  alignment  displayed  is  parallel  throughout 
the  breccia  but  is  not  parallel  to  the  pyroclastic 
breccia  contact. 

Sphalerite  masses  (1-5  ram.  )  with  numerous  random 
chalcopyrite  (5-50y)  and  a  few  random  galena  (10-50y) 
inclusions  (Plate  III— 5 ) »  characteristic  of  higher 
temperature  sphalerites  in  massive  sulfide  deposits 
in  general,  and  Kuroko  deposits  in  particular  (K. 

Kattori,  pers.  comm.),  appear  to  have  clastic  outlines. 
Eutectoid  intergrowths  of  galena  and  chalcopyrite  are 
common  (Plate  IV- 6)  and  are  far  more  irregular  than 
intergrowths  of  other  sulfides.  Pyrite  fragments 
are  few  in  chalcopyrite-galena  and  sphalerite* galena* 
chalcopyrite  pyroclasts  and  masses  and  this  probably 
reflects  an  original  bottom  (Cu,  Fe  sulfides)  to  top 
(Zn,  Gu  and  then  Pb  and  Zn  sulfides)  segregation  of 
minerals  of  the  original  non-brecciated  source  deposit. 

All  pyroclastic  sulfides  have  been  partially 
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replaced  by  matrix  carbonate  (Plate  III-l),  quartz 
(Plate  III -2)  and  tremolite  (Plates  IV-1,  IV-2).  If  - 
the  space  now  occupied  by  the  replacing  minerals  was 
once  occupied  by  the  replaced  sulfides  without  a  cor¬ 
responding  displacement  of  the  sulfide  minerals  upon 
replacement,  an  extremely  likely  event  indicated  by 
interpolation  of  sulfide  mineral  boundaries,  then  some 
portion  of  the  sulfide  minerals  must  have  been  broken 
down  to  soluble  components  and  these  components  must 
have  been  taken  away  by  solutions  similar  to  those 
which  contributed  to  the  growth  of  the  replacing  min¬ 
erals.  The  presence  of  corroded  and  embayed  sulfides 
on  sulfide-quartz  and  sulfide-carbonate  boundaries  is 
also  highly  suggestive  of  metal  and  sulfur  loss  and 
the  presence  of  sphalerite  and  galena-rich  stringers 
truncating  brecciated  mineral  structures  (Plate  IV-3) 
indicates  that  some  of  this  metal  and  sulfur  may  have 
precipitated  close  to  the  breccia  source.  Such 
stringers  are  associated  within  pyroclasts  rimmed  by 
carbonate  and  chalcopyrite ,  galena  and  sphalerite  may 
fill  the  interstitial  spaces  between  individual  rim 
carbonate  and  quartz  crystals  (Plate  IV-4).  The  writer 
regards  the  presence  of  interstitial  chalcopyrite, 
galena  and  sphalerite  in  carbonate  stringers  and  the 
4  centimetre  wide  vein  which  crosscut  the  sulfide  pyro¬ 
clastic  breccia  textures  as  no  coincidences  these 
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minerals  were  precipitated  from  the  hydrothermal  vein 
solutions,  most  likely  the  very  ones  responsible  for 
the  corrosion  and  mobilization  of  the  nearby  sulfide 
minerals  found  in  the  wall  rock.  The  interstitial 
sulfide  minerals  are  not  to  be  confused  with  the  occasion¬ 
al  xenoliths  of  brecciated  pyrite-chalcopyrite  matrix 
pyroclasts  and  sphalerite  crystal  -  chalcopyrite 
inclusion  masses  (Plate  IV-5)  found  in  a  mineralized 
stringer  of  the  000  vein  structure.  These  xenoliths 
represent  physical,  rather  than  chemical  addition  of 
sulfides  to  the  mineralized  veins. 

The  continuum  between  sulfide  bodies  having 
primary  characteristics  and  those  having  secondary 
characteristics  is  not  restricted  to  the  example 
above.  Sulfide  laminae,  now  recrystallized  to  euhedral 
pyrite  (0.1-3  mm.)  and/or  euhedral  arsenopyrite  and 
cobaltite  (0.1-2  mm.),  may  be  completely  conformable 
with  bedding  contacts  or  sometimes  with  the  dominant 
ESS  cleavage,  like  the  more  massive,  tectono-brecciated 
lenses  above.  Sulfide  flow  bands,  consisting  mainly  of 
chalcopyrite,  sphalerite  and  galena,  are  conformable 
with  the  dominant  ESE  fracture  cleavage  in  the  same 
manner  as  these  same  sulfides  in  the  more  massive 
bodies.  Vesicles  may  be  completely  filled  with  calcite 
and/or  sulfide  minerals,  particularly  pyrite,  chalco¬ 
pyrite  and  pyrrhotite.  Sulfide  porphyroblasts  and 
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sulfide-dominated  stringers  are  abundant  wherever  host 
rock  sulfide  mineralization  is  found  next  to  fracture 
systems  hosting  mineralized  veins.  In  one  instance, 
black  sphalerite-dominated  stringers  truncate  a  brown 
sphalerite-dominated  host  rock  (Plate  IV-6).  A  fibrous 
mafic  silicate  (probably  actinolite)  and  K-feldspar 
replace  the  sulfides  in  the  same  host  rock  and  stringers 
All  secondary  sulfide  textures,  except  for  the  sulfide- 
rich  stringers  have  been  truncated  by  mineralized 
quartz- carbonate  veins.  The  mineralized  quartz- carbon¬ 
ate  veins  are  clearly  a  late-stage  post-sulfide  minerali 
zation  feature. 

The  primary  and  secondary  minerals  and  textures 
observed  in  volcanogenic  massive  sulfides  at  the 
Northrim  Mine  are  common  to  all  Precambrian  and  most 
Phanerozoic  volcanogenic  massive  sulfide  deposits 
(Sangster,  1972). 


Depositional  Conditions 

The  Northrim  wall  rocks  are  volcanogenic.  They 
consist  of  pyroxene-porphyritic  and  labradorite-por- 
phyritic  basalt  flows,  andesine-lapilli  crystal  tuffs, 
magmato-pyroclastic  flow  breccias  and  lithic  lapilli 
and  agglomeratic  breccias.  Volcanoclastic  sedimentary 
rocks  are  few  and  the  only  common  variety,  a  reworked 
pyroclastic  breccia,  is  very  poorly  graded  and  sorted. 
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The  Korthrim  rocks  were  emplaced  in  a  high  relief, 
high  energy  surface  environment  where  sediments  did 
not  accumulate. 

The  great  size  of  lithic  fragments  in  the  pyro¬ 
clastic  breccias  indicate  that  the  Northrim  rocks  were 
emplaced  within  1  kilometre  of  a  volcanic  center. 

Their  extremely  poorly  sorted,  non-graded,  disordered 
and  non- laminated  nature  suggest  not  only  gaseous, 
confined  and  explosive  conditions  within  the  magma 
chamber  during  volcanic  activity  but  also  subaerial, 
free-fall  deposition.  Even  the  crystal  tuffs  have 
been  poorly  sorted  and  graded  and  this  also  indicates 
a  high  energy  subaerial  accumulation  of  the  volcanic 
pile . 

The  basaltic  flows  are  2-5  metres  in  thickness 
and  have  been  chilled  only  at  their  margins.  Pillowed 
and  other  distinctive  chill  textures  (e.g.  ropey, 
spinifex  structures)  have  not  been  observed  at  the 
Northrim  Mine  and  again,  subaerial  conditions  are  in¬ 
dicated.  Phreatic  breccias  (Plate  I— 1 )  occur  locally 
in  the  basalts  and  explosive  volcanicity  was  present 
during  deposition  of  the  volcanic  pile.  The  great 
thickness  of  some  basalt  flows  and  some  free-fall 
pyroclastic  breccias  (up  to  2m.)  and  the  general 
lack  of  visible  weathered  horizons  near  their  contacts 
indicate  that  accumulation  of  the  volcanic  pile  was  rapid. 
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'The  occurrence  of  quartz-poor  plutonic  clasts 
in  the  agglomerates  and  tuffs  suggest  not  only  that 
members  of  the  syenite-monzonite  (but  not  the  granite- 
granodiorite )  plutonic  suite  of  the  Camsell  River  area 
are  synvolcanic,  but  also  that  the  plutonic  rocks  them¬ 
selves  existed  at  shallow  depths  (approx.  3  km. )  at 
time  of  eruption.  Thus  members  of  both  the  Balachey 
Lake  pluton  and  the  Rainy  Lake  differentiated  sill  may 
be  represented  in  the  Northrim  breccias,  a  relationship 
suggested  by  pyroclast  mineralogical  and  textural  simi¬ 
larity  to  the  descriptions  of  the  various  plutonic 
lithologies  found  in  Hoffman  and  Bell  (1975)»  Hoffman 
et  al.  (1976)  and  Hoffman  and  McGlynn  (1977).  Plutonic 
lithologies  apparently  present  in  the  Northrim  agglomer¬ 
ates  are  those  of  the  differentiated  sill  and  not  the 
low  quartz  hornblende  porphyritic  monzonite  of  the 
Balachey  Lake  pluton.  Unfortunately  samples  of  the 
pluton  and  the  sill  were  not  available  to  the  writer 
for  comparison. 

Alkaline  plutonic  pyroclasts  are  accompanied 
by  basalt  pyroclasts  in  the  same  breccias  and  cumulo(?) 
porphyritic  varieties  of  the  two  look  much  alike. 
Andesine  euhedra  are  of  similar  size  (0.5-5  mm.)  and 
shape  (laths)  to  the  labradorite  phenocrysts  of  the 
basalt,  and  both  may  be  aligned.  The  distinguishing 
characteristic  between  the  two  porphyritic  lithologies, 
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is  the  variable  but  great  concentration  of  magnetite 
in  the  matrix  of  the  latter,  occasionally  up  to  ICO 
volume  fo.  The  plutonic  matrices  do  contain  magnetite 
and  other  mafic  minerals,  but  in  far  lesser  concentra¬ 
tions.  Magnetite  is  also  abundant  in  the  matrices  of 
both  porphyritic  and  non-porphyritic  basalt  flows  under¬ 
lying  the  pyroclastic  breccia  sequence.  The  high  mag¬ 
netite  content  of  some  breccia  matrices,  most  basaltic 
fragments  and  sill  neighboring  basalts  suggest  a  close 
magmatic  affinity  between  magnetite-rich  lavas,  pyro¬ 
clastic  flow  breccias  and  pyroclastic  free-fall  breccias. 
The  abundance  of  andesine-labradorite  phenocrysts 
(0.5-5  mm.)  in  some  weakly  magnetic  monzonite  and  some 
highly  magnetic  basalt  fragments  provides  not  only 
direct  evidence  for  the  calcalkaline  affinity  and 
similar  origin  of  both  Camsell  River  plutonic  and 
volcanic  rocks,  but  also  indirect  evidence  for  the 
separation  of  an  Fe-rich  magnetite  magma  from  an 
Fe-poor  monzonite  magma,  alluded  to  by  Badham  and 
Morton  (1976)  in  reference  to  magnetite-actinolite- 
apati te+sulf ide  lenses  of  the  Camsell  River  area. 

The  magnetite-actinolite-apatite  lenses  may 
have  been  emplaced  in  the  volcanic  sequence  at  depths 
sufficient  for  actinolite  formation  at  the  same  time 
as  magnetite-rich  lavas  were  being  deposited  at  the 
top  of  the  volcanic  pile.  One  sample,  a  probable 
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phreatically-brecciated ,  magnetite-filled  body  may 
occupy  a  breccia  pipe  similar  in  texture  to  the 
breccia  pipes  underlying  some  stratabound  volcanogenic 
sulfide  deposits.  There  are  a  couple  of  magnetite- 
apatite  (?)  bands/xenoliths  in  the  pyroclastic  breccias 
of  the  Northrim  Mine  and  preliminary  electron  disper¬ 
sive  reconnaissance  of  general  Northrim  magnetites 
indicate  that  they  have  the  low  concentrations  of  Ti 
and  V  reported  for  magnetite  in  magnetite-actinolite- 
apatite  lenses  (Badham  and  Morton,  1976).  The  proposed 
physical  and  implied  magmatic  relationship  between 
magnetite-rich  lavas  and  magnetite-rich  intrusions  is 
analogous  to  that  between  intrusive  and  extrusive  strata¬ 
bound  sulfide  deposits. 

The  high  magnetite  and  low  quartz  content  of 
the  Northrim  rocks  suggest  an  alkaline  association  of 
the  parent  volcanic  magma.  The  sporadic  distribution 
and  the  oblong  but  not  elongated  shape  of  vesicles 
implies  quick  cooling  of  and  low  vapor  pressure  con¬ 
ditions  within  most  Northrim  basalts  at  time  of 
eruption.  The  vesicles  have  been  subsequently  filled 
with  the  secondary  mineral  assemblages  characteristic 
of  phenocryst  and  matrix  replacements  and  of  green- 
schist  metamorphism.  The  dominance  of  labradorite  and 
not  olivine,  amphibole  nor  orthopyroxene  phenocrysts  and 
lapilli  of  most  Northrim  rocks  indicate  that  the  volcanic 


. 
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magma  was  of  calcalkaline  affinity. 

The  depositional  conditions  implied  by  petro¬ 
logical  and  field  studies  of  the  Northrim  rocks  are 
similar  to  those  of  other  workers  in  the  Great  Bear 
Lake  area  and  only  two  important  differences  will  be 
mentioned  here.  Firstly,  there  is  a  volcanic  center 
within  the  Camsell  River  belt,  a  feature  not  reported 
by  Hoffmann  et  al.  (197 5 »  1976,  1977).  Secondly,  the 
presence  of  relict  pyroxene,  not  amphibole,  phenocrysts 
in  the  Northrim  lavas  counters  Badham's  (1973a»  1973"b) 
interpretation  of  hornblende  relicts  in  Camsell  River 
basalts  but  supports  Hoffman  and  McGlynn’s  (1977) 
observations  of  pyroxene  phenocrysts  in  the  wall  rocks 
at  the  Northrim  and  Norex  Mines.  Hence  this  writer 
does  not  consider  the  Camsell  River  basalts  to  be  the 
products  of  unduly  hydrous  magmas,  since  all  the  H90 
present  in  the  basalts  has  been  incorporated  into 
minerals  characteristic  of  secondary,  metamorphic 
assemblages  and  not  of  the  relict,  non-hydrous,  volcano- 
genic  assemblages.  Replacement  textures  indicate  that 
H20  must  have  been  added  after  rock  formation.  Primary 
hornblende  occurs  in  the  more  siliceous  plutons,  but 
has  not  been  observed  by  the  writer  in  the  Northrim 
volcanic  rocks,  even  as  relicts. 

The  Northrim  basalts,  tuffs  and  breccias  form  but 
a  small  part  of  the  subaerial,  calcalkaline  Great  Bear 
volcanic  pile. 


- 


CHAPTER  3 

HOST  ROCK  GEOCHEMISTRY, 
MAGMATISM  AND  MET AMO RPH I SM 


Introduction 

A  geochemical  study  of  the  volcanic  rocks 
hosting  the  Northrim  mineralization  was  started  by 
R.  D.  Morton  to  (1)  evaluate  various  elements  as  host 
rock  indicators  to  the  presence  of  vein  mineralization 
and  (2)  the  thesis  writer  has  used  the  geochemical  data 
to  describe  and  define  the  magmatic  affinities  and  meta- 
morphic  nature  of  the  Northrim  host  rocks,  a  task  only 
partially  performed  by  the  petrological  study  of  the  pre¬ 
vious  chapter.  Samples  were  taken  at  25  foot  intervals 
along  traverses  which  approach  the  000  and  014  vein  com¬ 
plexes  from  both  the  hanging  wall  and  foot  wall  sides. 

In  addition,  several  samples  were  taken  from  the  000 
vein  complex  on  the  footwall  side  (Fig.  5)»  Sample 
traverses  perpendicular  to  the  vein  structures  transect 
the  volcanic  sequence. 

The  29  samples  were  analyzed  for  major  oxides 
and  trace  elements  by  Dr.  J.  G.  Holland  of  the  University 
of  Durham  using  X-ray  fluorescence  techniques.  Major 
oxide  analyses  were  corrected  using  a  computer  technique 
developed  from  Holland  and  Brindle  (1966).  Corrected 
values  were  then  returned  to  the  computer  under  the 
Normcal  program  of  Dr.  R.  C.  0.  Gill,  formerly  of  the 
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Figure  5s 


Northrim  Mine  geochemical  sample  locations. 


State  University  of  New  York  at  Binghamton.  This 
program  generates  tables  of  atomic  cation,  normative 
mineral,  and  residual  oxide  percentages;  coordinates 
of  the  normative  Ab-Qz-01-Gpx  system;  and  values  for 
several  petrochemical  functions.  The  program  does 
this  on  a  CO^-free  and  K^O-free  basis. 

The  analytical  data  gained  in  the  manner  stated 
above  are  incorporated  into  this  chapter  of  the  thesis 
and  analytical  results  for  individual  samples  are 
tabulated  in  the  appendices. 

(a)  Major  Oxide  Distribution 

The  average  Northrim  volcanic  rock  is  a  basalt 
(Table  2),  although  individual  samples  may  appear  more 
mafic  or  more  felsic  in  composition  (Table  A-l,  Appen¬ 
dix  I).  SiO?  concentration  tends  to  be  highest  in  the 
feldspathized  lavas  between  the  000  and  010  vein  struc 
tures,  the  only  Northrim  rocks  which  generally  contain 
matrix  quartz.  Quartz  is  only  a  minor  constituent  of 
the  average  norm  (Table  A-4)  and  the  Northrim  rock  is 

very  slightly  undersaturated  with  respect  to  SiO^. 

SiO ^  is  the  differentiation  index  standard  employed 
in  the  Marker  diagrams  (Fig.  6,  7). 

The  Northrim  basalts  are  highly  aluminous  and 
sample  concentrations  decrease  slightly  with 
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increasing  SiO^  sample  concentrations.  The  Northrim 
basalts  are  also  highly  ferroan  but  sample  ZFeO  con- 

i 

centrations  decrease  rapidly  with  increasing  SiO^  con¬ 
centrations.  The  Northrim  rocks  are  not  particularly 
rich  in  MgO  but  MgO  concentrations  may  be  significantly 
high  in  the  more  mafic  samples.  Sample  concentrations 
of  the  three  oxides  are  highly  dependant  on  the  rela¬ 
tive  abundances  of  the  major  minerals  albite,  magnetite, 
pyrite,  biotite,  chlorite,  and  dolomite:  samples  with 
extremely  low  Al^O^/SiO^  ratios  are  rich  in  carbonate; 
samples  with  extremely  low  MgO/l FeO  ratios  are  highly 
pyritic  or  highly  magnetic  pyroclastic  breccias;  samples 
with  extremely  low  LFeO/AlpO^  ratios  are  either  carbonate- 
rich  (sample  l)  or  feldspathic  (samples  15.  16,  19)  rocks. 

MnO g i  TiC 2  and  Po0^  concentrations  in  Northrim 
basalts  are  relatively  constant.  The  former  two  oxides 
may  decrease  slightly  and  the  latter  may  increase 
slightly  with  greater  SiO^  content  (Fig.  7).  The  P2°5 
trend  is  expected  for  calcalkaline  and/or  tholeiitic 
differentiation  (Pearce  and  Cann,  1973;  Floyd  and 
Winchester,  1975)*  Ivin-bearing  minerals  include  calcite, 
dolomite,  magnetite  and  tremolite;  Ti-bearing  minerals 
include  anatase,  rutile,  ilmenite,  sphene  and  magnetite; 
the  P^O ^-bearing  mineral  is  apatite.  The  TiO^  concen¬ 
trations  of  the  Northrim  basalts  are  quite  low;  the 
P^O^  concentrations  somewhat  high.  The  TiO^  concentrations 


' 
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Figure  6»  Marker  diagrams  (1).  The  three  samples  marked 
by  crosses  ar.d  labelled  CR-1,  CR-2,  CR-3  are  "the  basalts 
analyzed  by  Badham  (1973a) .  Northrim  sample  points  are 
marked  by  dots. 
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suggest  a  general  primitive  condition  and  the 
concentrations  a  slight  alkaline  affinity  of  the  parent 
basaltic  magma. 

The  Northrim  rocks  contain  variable  but 
abnormally  low  CaO  concentrations.  Sample  CaO  values 
do  increase  with  increasing  SiC^  as  expected  for  the 
SiO^  48  wt.  %  range  but  CaO  values  are  almost  totally 
dependant  on  the  highly  variable  secondary  carbonate 
content  for  the  SiO^  48  wt.  %  range.  All  samples  con¬ 
tain  some  carbonate,  mostly  in  small  stringers,  but 
samples  with  higher  CaO  content  also  contain  carbonate 
as  fillings  within  vesicles,  as  replacements  of  plagio- 
clase  and  pyroxene  phenocrysts,  or  as  fillings  between 
primary  breccia  fragments.  Anomalously  low  CaO  values 
suggest  metamorphic  CaO  depletion  as  does  the  low  CaO 
concentration  of  the  Northrim  basalts  in  general.  The 
apparent  breakdown  in  the  general  Z FeO  and  MgO  differ¬ 
entiation  trends  in  the  SiO^  48  wt.  %  range  (Fig.  6) 
are  attributed  partly  to  variability  of  secondary  car¬ 
bonate  content  and  partly  to  variability  in  secondary 
feldspar  abundance  between  individual  samples. 

The  Northrim  basalts  are  highly  sodic  and  sample 
Na^C  concentrations  increase  regularly  with  increasing 
Si0o  concentration.  Samples  low  in  Na90  concentration 
include  two  carbonate-rich  samples  (1,  A-2),  one  pyro¬ 
clastic  breccia  (24)  and  one  highly  potassic  rock  (16). 


I  •*  I 

at  0  Lr  C  : 


The  potassic  rock  is  a  brick  red  feldspathized  andesite, 
a  rock  almost  completely  composed  of  K-feldspar  and 
almost  devoid  of  mafic  minerals. 

Some  Northrim  rocks  are  highly  potassic  but  sampl 
K^O  concentration  is  extremely  variable.  Sample  K^O 
concentrations  vary  inversely  with  Na^O  concentrations 
(Table  A-l).  The  highly  potassic  rock  of  the  previous 
paragraph  has  extraordinarily  low  Na^O/K^O  ratios  un¬ 
like  the  anomalously  high  ones  found  in  the  adjacent 
samples  (15*  14,  13*  19)*  also  feldspathized  rocks. 

The  high  but  variable  K^O  and  Na^O  concentrations, 
coupled  with  corresponding  low  but  variable  ZFeO  con¬ 
centrations  in  such  rocks  indicate  that  metamorphic 
and  not  weathering  conditions  were  responsible  for  their 
present  chemical  and  mineral  composition. 

The  sample  Al^O^,  MgO,  MnO,  TiC?  and  E FeO  (in 
part)  concentrations  are  thought  to  represent  the  con¬ 
centrations  of  the  primary  Northrim  basalts  despite 
their  dependance  on  secondary  mineral  abundances. 
Firstly,  sample  concentrations  of  these  oxides  form 
magmatic  trends  on  the  Marker  diagrams.  Secondly, 
sample  concentrations  are  remarkably  similar  to  the 
ones  found  in  fresh,  subalkaline  basalts.  Primary 
minerals  and  textures  may  still  be  discerned.  Further¬ 
more,  secondary  minerals  replacing  primary  minerals  both 
contain  the  same  elements.  This  is  almost  invariably 
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Figure  7:  barker  diagrams  (2). 
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true  of  TiO ^-bearing  minerals:  ilmenite  and  rutile 
are  replaced  by  anatase  and  sphene;  clinopyroxenes 
and  amphiboles  are  replaced  by  sphene  on  site.  Simi¬ 
lar  replacements  occur  with  respect  to  aluminous,  mag¬ 
nesian,  manganiferous  and  ferrous  primary  minerals, 
but  to  a  lesser  extent.  In  extremely  feldspathized 
rocks,  sample  ZFeO  concentrations  may  be  particularly 
low.  Migration  of  £FeO  must  have  occurred  in  such 
rocks  since  relict  clinopyroxene  outlines  may  be  ob¬ 
served. 

The  sample  K^O,  Na^O  and  GaO  concentrations  are 
not  representative  of  the  primary  concentrations  of 
the  fresh  Northrim  basalts.  Sample  concentrations 
of  these  oxides  do  not  form  the  expected  magmatic 
trends  in  the  Marker  diagrams.  K^O/Na^O  ratios  do  not 
increase  during  magmatic  differentiation.  Na^O  concen¬ 
trations  are  much  too  high,  K^G  concentrations  much  too 
variable  and  GaO  concentrations  are  much  too  low  for 
fresh,  unaltered  basalts  of  any  kind.  The  distribution 
of  alkaline-bearing  minerals  is  erratic  including  the 
all-pervasive  secondary  albite.  Na^O  concentrations 
vary  systematically  with  SiO^,  concentrations  but  this 
relationship  only  represents  the  alteration  and  eventual 
replacement  of  labradorite  (higher  Ca  ,  A1  J)  by  albite 
(higher  Na+,  Si+24')  .  Al+^  probably  did  not  migrate 
since  the  Northrim  basalts  are  still  highly  aluminous 
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+  2 

but  the  Ca  must  have  since  the  Northrim  basalts 
contain  remarkably  low  concentrations  of  the  element. 


(b)  'Trace  Element  Distribution 
S,  usually  an  accessory  element  in  volcanic 
rocks,  is  present  in  major  quantities  in  some  Northrim 
samples.  S  values  do  not  correlate  with  any  other 
major  oxide  nor  trace  element  values  and  this  is  attrib¬ 
uted  to  the  often  irregular  distribution  of  sulfide 
minerals  in  the  wall  rocks.  S  concentrations  are  un¬ 
usually  high  in  samples  4,  5.  6,  9,  13»  18,  23  and  25 
but  the  locations  of  these  samples  are  related  more  to 
sulfide-bearing  horizons  than  to  mineralized  veins 
(Fig.  5)*  Wall  rock  S-bearing  minerals,  in  order  of 
decreasing  occurrence  are  pyrite,  chalcopyrite ,  marca- 
site,  sphalerite,  galena  and  pyrrhotite. 

Individual  Rb  sample  concentrations  and  Rb 
distribution  correlate  almost  perfectly  with  individual 
K^O  sample  concentrations  and  K^O  distribution  (Fig.  6). 
This  is  to  be  expected  for  Rb  easily  substitutes  for  K 

in  feldspar,  biotite  and  other  K-bearing  minerals  and 
K/Rb  values  are  known  to  remain  constant  up  to  granulite 
facies  metamorphism  (Heierand  Billings  in  Wedephol,  1972). 
Individual  Sr  sample  concentrations  and  Sr  distribution 
correlate  with  individual  Ga.0  sample  concentrations  and 
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CaO  distribution  but  this  correlation  is  not  perfect. 

Individual  Ba  sample  concentrations  and  Ba  distribution 

/ 

generally  correlate  with  K^O  and  Rb  sample  concentra¬ 
tions  and  distributions  but  anomonously  high  5a  values 
are  found  in  carbonate-rich  samples.  Ba  is  thought  to 
be  concentrated  in  microcline  and  carbonate  but  perhaps 
barite  is  a  constituent  of  some  carbonate-rich  wall 
rocks.  Anomalously  high  Sr  values  also  correlate  with 
high  carbonate  content.  Individual  Rb,  Sr  and  Ba  con¬ 
centrations  are  not  affected  by  proximity  to  mineralized 
veins. 

Ni  content  is  low  except  in  sample  25  which 
contains  abundant  sulfide  mineralization.  Cr  content 
is  highly  variable  in  individual  samples  and  Cr  distri¬ 
bution  is  puzzling  since  the  expected  Cr  decrease  with 
SiQ^  increase  does  not  occur  on  the  Karker  diagram  (Fig. 
7).  There  is  a  possibility  that  Cr  migrated  upon  the 
breakdown  of  olivine,  clinopyroxene  and  magnetite 
during  metamorphism.  Present  Ni  distribution  may 
coincide  with  the  distribution  of  sulfides  but  the 
postulated  sulfide  Ni  content  may  have  originated  from 
the  dissolution  of  primary  clinopyroxene  and  olivine. 

Cu,  Fb,  and  2n  contents  (not  plotted)  are  related 
to  S  content  and  all  high  values  are  found  in  samples 
from  sulfide-bearing  horizons,  both  near  and  far  from 
mineralized  veins.  Arsenic  values  also  correlate  with 


. 

<» 
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S  values  but  all  high  As  values  are  found  in  samples 
adjacent  to  mineralized  vein  structures,  regardless 
of  S  content  in  the  respective  samples. 

Zr,  Kb  and  Y  concentrations  (not  plotted)  are 
relatively  constant  and  increase  but  slightly  with 
greater  SiO^  content.  This  is  to  be  expected  for  sub- 
alkaline  magmatic  differentiation.  Slight  departures 
of  individual  sample  values  from  the  average  are  attrib¬ 
uted  to  analytical  uncertainties  (up  to  20 fs)  due  to  the 
low  concentrations  of  these  elements  present. 

Trace  element  concentrations  and  distributions 
differ  from  one  another.  The  alkaline  trace  elements 
Rb,  Sr  and  Ba,  are  distributed  in  the  same  irregular 
manner  as  two  major  alkaline  elements,  K  and  Ca.  Cr 
distribution  is  also  irregular  but  in  a  non-correlative 
manner  with  respect  to  other  elements.  Zr,  Nb  and  Y 
concentrations  are  nearly  constant.  Ni,  Cu,  Pb,  Zn 
and  As  concentrations  and  distributions  coincide  with 
those  of  S  but  As  distribution  is  more  closely  related 
to  proximity  of  major  mineralized  vein  structures  than 
to  S  distribution. 

Trace  element  data  are  consistent  with  major 
oxide  data  for  geochemically  similar  elements  and  only 
one  problem  with  interpretation  of  the  data  was  en¬ 
countered.  TiOg  and  P205,  immobile  elements  like  Zr, 

Kb  and  Y  under  low  grade  metamorphic  conditions 
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(Pearce  and  Cann,  1973;  Pearce,  1975).  were  found  to 
vary  in  concentration  in  a  manner  not  expected  from 
magmatic  differentiation.  This  variation  was  greater 
than  variation  from  analytic  uncertainty  {±57°)  •  There 
are  two  possibilities:  either  the  TiO^  and  con¬ 

centration  or  the  SiO^  concentration  which  was  used 
as  the  reference  index  for  magmatic  differentiation 
on  the  Harker  diagrams  has  changed  during  metamorphism. 
The  latter  interpretation  is  preferred  with  respect  to 
TiO^  since  SiO^  concentration  is  known  to  change  during 
weathering  and  metamorphism  of  basalts  (op.  cit. ,  1973; 
1975)  and  SiO^  redistribution  would  also  account  for 
some  of  the  irregularities  of  other  element  distri¬ 
butions  with  respect  to  the  magmatic  hypothesis  pre¬ 
sented.  The  former  interpretation  is  preferred  for 
sample  concentration,  since  P^Q^  concentrations 

have  been  known  to  increase  during  weathering  and  green- 
schist  metamorphism  (R.  Houghton,  pers.  comm).  Apatite 
commonly  appears  as  idiomorphic  crystals  in  the  North- 
rim  quartz- carbonate  veins  and  stringers. 

The  interpretation  problem  generated  by  using 
the  SiOg  concentration  as  the  index  of  magmatic  dif¬ 
ferentiation  could  not  have  been  circumvented  by  using 
the  differentiation  index  based  on  the  total  of  combined 
normative  quartz,  orthoclase  and  albite  percentages 
(Table  A-3)  since  normative  feldspar  abundances  depend 
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on  the  highly  variable  alkaline  element  analyses. 


(c)  Geochemical  Exploration 
The  Northrim  host  rock  major  oxide  and  trace 
elements  were  examined  as  possible  host  rock  indicators 
to  vein  mineralization.  It  was  found  that  host  rock 
concentrations  of  most  elements  do  not  vary  with  sample 
proximity  to  mineralized  veins  and  only  the  sample  con¬ 
centrations  of  some  elements  which  appear  to  vary  to¬ 
wards  known  mineralized  veins  are  plotted  with  respect 
to  sample-vein  distances  in  Figures  8  and  9« 

The  alkaline  elements  we re  found  to  be  poor 
host  rock  indicators.  Host  rock  CaO  concentrations 
are  rather  low  near  mineralized  veins  except  for  the 
high  concentrations  of  the  carbonate  impregnated,  pot- 
assic  rocks  associated  with  the  poorly-mineralized  010 
vein  structure.  Low  host  rock  CaO  concentrations  exist 
near  the  well-mineralized  000  and  two  other  vein  struc¬ 
tures  but  these  concentrations  are  indistinguishable 
from  those  of  some  wall  rocks  at  greater  distances 
from  the  veins.  K^O  concentrations  and  K^O/K^O+NapO 
ratios  are  highly  variable  near  some  vein  structures 
but  they  are  not  useful  indicators  since  their  values 
are  similar  to  those  of  most  wall  rocks  further  away 
from  mineralized  veins.  The  sample  alkaline  element 
concentrations  and  ratios  also  appear  to  vary  with 


. 
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Figure  8:  Host  rock  indicators  of  vein  mineralization  (1). 
The  010  vein  structure  occurs  between  the  000  and  014 
vein  structures  and  is  marked  by  long  dashes.  K  refers 
to  hanging  wall  side;  F  to  footwall  side  of  the  000  and 
014  vein  structure. 


no 


rock  type  and  stratigraphical  position  (sample  value 
couplets  11-17,  12-13,  13-19,  1-A2). 

/ 

Fb,  Zn  and  Cu  concentrations  (Fig.  9)  are 
unreliable  host  rock  indicators  of  vein  mineralization. 
High  concentrations  do  occur  in  samples  next  to  mineral¬ 
ized  veins  but  these  concentrations  are  extremely  vari¬ 
able.  The  combined  Pb,  Zn,  Gu  total  indicates  the 
position  of  the  000  vein  structure  but  for  the  one 
sample  with  high  base  metal  content,  there  are  6  samples 
also  within  3  metres  of  the  000  vein  with  base  metal 
content  no  higher  than  those  measured  in  some  surroundin 
rocks.  The  Pb,  Zn,  Gu  content  may  be  a  useful  host 
rock  indicator  of  base  metal  deposits  but  a  poor  indi¬ 
cator  of  Ag ,  Bi,  Ni,  Co,  As  etc.  veins. 

As  is  the  only  reliable  host  rock  indicator.  As 
concentrations  are  high  near  all  mineralized  veins  in 
the  sample  area  and  moreover,  the  poorly  mineralized 
010  vein  structure  does  not  coincide  with  high  wall 
rock  As  concentrations.  A  threshold  concentration  of 
5  ppm  seems  to  be  most  useful,  but  unfortunately  re¬ 
liable  vein  detection  is  limited  to  distances  of  3 
metres  from  vein  structures.  The  high  As  concentra¬ 
tion  of  sample  25  indicates  mineralization  previously 
unsuspected  in  a  small  carbonate  vein  and  the  high  As 
concentration  of  sample  A-3  may  be  related  to  mill 
dust  generated  by  the  crusher  nearby. 
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ock  indicators  of  vein  mineralization  (2) 
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The  geochemical  results  confirm  textural  evidence 
relating  to  mineral  emplacement  in  the  wall  rocks  but 

/ 

are  of  little  use  in  geochemical  prospecting  for  min¬ 
eralized  veins.  The  only  reliable  host  rock  indicator 
of  vein  mineralization,  As,  is  fully  dependable  only 
in  samples  located  within  3  metres  (10  ft. )  of  miner¬ 
alized  vein  structures.  Rock  sampling  on  a  3  metre 
(10  ft. )  interval  is  prohibitively  expensive  for  re¬ 
connaissance  exploration  purposes  but  it  is  practical 
in  predicting  undiscovered  or  extending  known  ore  shoots 
in  existing  mines  and  prospects.  The  writer  suggests 
soil  and  water  geochemical,  not  rock  geochemical  sur¬ 
veys,  in  areas  with  little  outcrop  and  the  application 
of  more  direct  prospecting  techniques  to  areas  with 
abundant  outcrop. 

The  variable  but  generally  low  K^O,  CaO,  Pb, 

Zn  and  Cu  concentrations  in  the  wall  rocks  immediately 
adjacent  to  mineralized  veins  suggest  that  these  ele¬ 
ments  may  have  been  locally  extracted  from  the  wall 
rocks  by  hydrothermal  fluids  immediately  preceding 
vein  mineralization  in  the  major  fracture  systems. 

The  feldspathization  adjacent  to  the  poorly-mineralized 
010  vein  structure  does  not  appear  to  be  genetically 
related  to  any  alteration  which  may  have  occurred 
next  to  the  mineralized  vein  structures  during  vein 


mineralization. 


. 


74 


Co  and  Kg  were  not  analyzed  in  the  geochemical 
survey.  The  former  is  expected  to  be  as  useless  an 
indicator  as  Ni  but  the  latter  may  be  extremely  useful 
in  vein  detection. 


Magmatic  Characteristics 

(a)  Northrim  Basalts. 

The  Northrim  basalts  are  considered  comagmatic 
for  several  reasons.  These  include  the  general  simi¬ 
larity  of  the  chemical  analyses,  mineral  norms,  mineral 
modes  and  petrochemical  functions;  the  existence  of 
magmatic  trends  for  some  elements  on  variation  dia¬ 
grams;  and  the  uninterrupted  nature  of  the  basalt 
sequence  sampled.  In  addition,  sample  values  plot 
into  homogenous  groups  within  the  SiO^-Al^O (Na20+ 

K^O )  ternary  and  the  (Na^O+K^O ) -FeO-MgO  ternary  dia¬ 
gram  (Fig.  10  ) . 

At  first  glance  the  basalts  may  be  dismissed 
as  "alkaline"  (Fig.  11).  However  there  is  doubt 
that  the  high  Na  0  and  K  0  content  of  Northrim 

C, 

basalts  is  an  original  magmatic  and  not  a  metamorphic 
feature.  The  Northrim  basalts  appear  "alkaline"  with 
respect  to  total  alkali  content  but  if  the  0px-01-Cpx 
discriminant  of  Chayes  (1966)  is  employed,  the  basalt 
values  plot  within  and  beside  the  " subalkaline"  but 
not  the  "alkaline"  field.  Irvine  and  Baragar  (1971) 


1  - 
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'Tholeiitic ' 
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Figure  10s  Total  alkaline  element-FeO-MgO  ternary  diagram. 
North rim  sample  points  are  marked  by  dots;  sample  points 
of  Camsell  River  basalts  analyzed  by  Badham  (1973s-)  sre 
marked  by  crosses.  The  Northrim  general  average  (avg), 
basaltic  average  (B)  and  andesitic  average  (A)  points 
have  also  been  plotted  on  the  diagram. 


AI2O3  Concentration  (wt  7.) 


76 


Ab 

100 


Normative  Plagioclase  Composition 
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Figure  11:  Alumina  vs.  normative  plagioclase  plot.  The 
average  Northrim  sample  point  has  been  indicated  by  a 
square  labelled  ”N" . 
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mention  a  similar  example:  a  subalkaline  tholeiitic 
Coppermine  basalt  sequence  is  alkaline  with  respect 

i 

to  total  alkali  content  but  subalkaline  with  respect 
to  normative  0px-01-Cpx  proportions.  It  seems  that 
magmatic  discriminants  based  on  major  oxides,  especially 
alkaline  ones,  are  subject  to  vagarities  but  the  Gpx-01- 
Cpx  ternary  seems  to  be  most  suitable  since  it  does 
not  incorporate  Na90  and  K^O  analyses.  The  subalka¬ 
line  Northrim  rocks  may  be  termed  calcalkaline  on  the 
basis  of  their  alkaline  element  concentrations,  MgO/l 
FeO  ratios  and  the  normative  plagioclase  compositions 
(Fig.  11,  12). 


The  major  oxides  implied  to  have  migrated  during 
the  metamorphism  of  the  Northrim  basalts  are  the  migra¬ 
tory  ones  compiled  by  Pearce  (1975); 

Seafloor  feathering 

very  mobile:  +K20  -  CaO  -  MgO 


mobile : 


-Na20  -  SiC 2 


slightly 

mobile:  +FeO  +  TiO 


Al2°3 


immobile : 

Greenschist  Metamorphism 


very  mobile:  -CaO  -  A120^ 


mobile : 
immobile : 


+Na20  +  Si02  +  (MgO  +  FeO )  -  K20 
TiO  ~ 


The  writer  thus  doubts  that  major  oxide  data,  with  the 
exception  of  Ti02  and  possibly  Mn02  for  unweathered 
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basalts  (Bad ban,  l°?3a)  have  been  represented  by 
crosses.  The  average  sanple  point  for  'orthrim 
analyses  is  labelled  "N" . 


basalts,  conclusively  defines  the  original  magmatic 
condition  of  any  greenschist  facies  basalt  although 
it  does  account  for  the  wide-spread  SiC^  and  some 
other  oxide  values  for  Northrim  samples.  Instead,  the 
writer  agrees  that  the  relatively  immobile  major  oxide 
TiO^  and  the  relatively  immobile  trace  elements  Y,  Zr 
and  Nb  are  more  reliable  geochemical  indicators  of 
original  magmatic  conditions  and  primary  rock  compo¬ 
sitions  . 

The  Northrim  rocks  have  been  termed  basalts  on 
the  basis  of  SiO^  concentration,  a  concentration  which 
may  not  be  that  of  the  primary  rocks.  The  SiO^  con¬ 
centration  may  not  have  changed  very  much  since  the 
Northrim  rocks  resemble  modem  high-alumina  (calcaik- 
aline)  basalts  with  respect  to  Ti09,  Y,  Zr  and  Nb  con¬ 
centrations  and  ratios.  The  average  Northrim  Zr/TiO^ 
ratio  of  0.012  and  Nb/Y  ratio  of  0.22  are  nearly  ident 
cal  to  Winchester  and  Floyd's  (1977)  ratios  of  0.011 
and  0.22  for  modern  high-alumina  basalts. 

According  to  Floyd  and  Winchester  (1975) 
tholeiitic  basalts  contain  less  Ti02,  p2°5'  2r 
Nb  than  alkaline  basalts.  They  exclude  island  arc 
tholeiites  and  calcalkaline  basalts  as  more  complex 
in  their  deliberations  but  for  every  discrimination 
parameter  they  provide  but  one,  a  ^2^5  parameter,  the 
Northrim  basalts  are  discretely  tholeiitic  (Fig.  13)* 
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Figure  13:  Tholeiitic-alkaline  basalt  discrimination 
diagrams  (after  Pearce  ana  Cann ,  1972).  The  Northrim 
and/or  Camsell  River  sample  points  occur  in  the  areas 
blacked  in  or  as  dots  and  crosses.  Solid  lines  cir¬ 
cumscribe  sample  point  fields  commonly  obtained  from 
modem  oceanic  and  continental  ’tholeiitic’  basalts; 
dashed  lines  circumscribe  sample  point  fields  ob¬ 
tained  from  modem  alkaline  basalts.  The  dotted  line 
represents  a  sample  point  field  of  continental  and  the 
solid  line  sample  point  field  of  oceanic  ’tholeiitic’ 
basalts  in  the  Ti02-T/Kb  plot.  The  wayward  sample 
noir.ts  were  obtained  from  Camsell  River  1. 
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Northrim  sample  Y/Nb  ratios  vary  between  2  and  10+  at 
relatively  constant  TiO?  concentrations,  indicated  by 
Floyd  and  Winchester  (1975)  to  differentiate  oceanic 
from  continental  " tholeiites"  (subalkaline  basalts) 
but  also  indicated  to  be  characteristic  of  calcalkaline 
basalts  (Fearce  and  Cann,  1973)* 

Pearce  and  Cann  (1973)  differentiate  tholeiitic 

from  calcalkaline  basalts  and  subdivide  on  the  basis 

of  tectonic  setting.  "Within  plate"  basalts  including 

ocean  island  and  continental  varieties  contain  higher 

4 

TiOg  and  Zr  but  less  Y  than  "plate  margin"  basalts  . 
"Plate  margin"  basalts  include  ocean  floor  i.  e. 
spreading  center  tholeiitic  (higher  Ti  and  Zr),  island 
arc  tholeiitic  (lower  Ti  and  Zr)  and  calcalkaline 
(lower  Ti  and  higher  Zr)  varieties.  The  Northrim 
basalts  are  plate  margin  calcalkaline  basalts  for 
both  discriminatory  parameters  employed  (Fig.  14,  15). 
Therefore,  Northrim  basalts  could  only  be  termed 
"subalkaline"  on  the  basis  of  immobile  trace  element 
and  major  oxide  data. 

Several  features  emerge  from  the  discourse 
above.  Firstly,  Northrim  basalts  are  alkaline  only 


S?he  difference  between  the  two  is  presumed  to 
be  the  same  as  that  between  "recycled"  and/or  "contam¬ 
inated"  (cf.  within  plate)  and  "primitive"  (cf.  plate 
magmas. 
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Figure  14:  Discrimination  diagram  for  altered  basalts 
(after  Pearce  and  Gann,  1972).  "Within  plate"  basaxt 
values  plot  in  field  K;  ocean  floor  basalt  values  in 
field  H;  low  K  tholeiite  values  in  fields  H  ^anc 
and  calc  alkaline  vasalt  values  plot  in  fields  ^  and 
IM.  Northrim  basalt  and  3  Camsell  River  basal  .  values 
are  plotted  on  the  diagram.  The  square  labelled 
marks  the  average  position  for  Korthnm  Mine  ^asai.s. 
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with  respect  to  total  alkali  content-otherwise  they 
are  subalkaline.  Secondly,  Ti0o,  Y,  Zr  and  Kb,  re- 

C*  i 

garded  as  immobile  components  during  diagenesis  and 
low  grade  metamorphism  are  present  in  concentrations 
and  proportions  uniformly  characteristic  of  calcalk- 
aline  basalts.  Thirdly,  AlgO^.  MgO ,  FeO ,  (Na20  +  K20 ) 
and  normative  plagioclase  concentrations  and  proportions 
are  more  characteristic  of  calcalkaline  basalts  than 
they  are  of  tholeiitic  basalts.  Furthermore  Ti02,  Y, 

Zr,  Mb  and  P20^  contents  change  but  slightly  with 
magmatic  differentiation.  The  low  Ti02,  Y,  Zr,  and 
Nb  concentrations  are  features  of  "primitive"  plate 
margin  basalts. 

The  inevitable  conclusion  is  that  the  Northrim 
basalts  were  primitive,  calcalkaline  volcanic  rocks 
at  time  of  effusion  but  have  since  been  altered  with 
respect  to  the  alkaline  elements  and  to  a  lesser  ex¬ 
tent,  most  other  elements,  all  noted  to  be  prone  to 
migration  under  greenschist  metamorphic  conditions. 

The  Northrim  basalts  differ  from  most  other  calcalkaline 
rocks  only  with  respect  to  high  P20^  concentration,  a 
distinction  which  is  irrelevant  because  of  the  most 
probably  metamorphic  P20^  The  geochemical 

evidence  suggests  that  the  Northrim  basalts  are  re¬ 
lated  to  subduction  zone  magmatism  in  either  an  island 
arc  or  cordilleran  setting.  The  migration  of  alkaline 
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Figure  15 :  Discrimination  diagram  lor  unaltered  basalts, 
(after  Pearce  and  Cann,  1972).  Ccean  floor  values  plo 
in  field  M;  low  K  tholeiite  values  in  field  H;  and  cal 
alkaline  basalt  values  plot  in  field  L.  I\ote  the  gen¬ 
erally  low  Sr  concentrations  and  the  relatively  con¬ 
stant  TiO 2/Zr  ratios  in  the  Northrim  samples.  ^Sr  re¬ 
distribution  is  suggested  by  the  bimoaal  distribution 

of  Sr  concentrations. 
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elements  has  created  the  probably  bimodal  distribution 
in  sample  alkaline  element  values. 


(b)  Camsell  River  Rocks 

The  three  Camsell  River  basalts  described  by 
Badham  (1973a)  are  similar  in  composition  to  the  North- 
rim  basalts  (Table  4).  The  three  basalts  were  collected 
within  7  kilometres  of  the  Northrim  Mine  (Fig.  3)*  The 

two  samples  (2,  3)  collected  in  the  Northrim  Sequence 
(Unit  7,  Fig.  3)  have  AlgO^i  TiO^,  Nb,  Y  and  Zr  con¬ 
centrations  similar  to  those  of  the  Northrim  basalts 
and  consequently  their  values  plot  with  Northrim  basalt 
values  in  the  Harker  and  other  discrimination  diagrams 
(Fig.  6,  7.  10  -  15) •  The  sample  collected  in  the 
Terra  Sequence  has  a  lower  Na^O/K^O  ratio,  a  lower 
AlpO^  concentration  and  higher  Ti09,  Nb,  Y  and  Zr  con¬ 
centrations  than  the  Northrim  Sequence  and  Mine  samples. 
Consequently  their  values  usually  plot  separately  from 
the  others  in  the  discrimination  diagrams.  The  primary 
Terra  basalt  may  be  considered  as  a  marginally  alkaline, 
non-primitive,  ocean  floor  olivine  basalt  but  the 
primary  Northrim  rocks  are  not  alkaline  olivine  basalts. 

Alkaline  element  concentrations  and  ratios  are 
also  extremely  variable  for  Camsell  River  andesitic 
and  rhyolitic  lavas,  tuffs  and  volcanoclastic  sediments 
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but  these  concentrations  and  ratios  are  less  variable 
in  the  syenitic  and  granitic  plutons  of  the  area 
(Badham,  1973a).  Na^C/K^O  ratios  in  the  plutons  are 
generally  less  than  1  and  it  appears  that  the  under¬ 
lying  plutonic  basement  was  free  of  much  of  the  al¬ 
kaline  migration  so  prevalent  in  the  overlying  volcano¬ 
sedimentary  pile. 

The  alkaline  element  migration  within  the 
volcano-sedimentary  pile  almost  certainly  involved 
material  derived  from  the  pile  itself  and  the  Cam- 
sell  River  basalts  generally  gained  Na^O  and  SiO^  but 
lost  CaO,  SrO ,  and  Al^O^  (?)  in  the  process,  at  least 
in  the  vicinity  of  the  Northrim,  Norex  and  Terra  Mines. 
A  similar  condition  probably  exists  in  the  vicinity  of 
the  Port  Radium  Mines. 


Metamorphic  Conditions 

The  Northrim  basalts  are  composed  of  minerals 
which  overgrow  primary  minerals  and  textures  and  which 
are  characteristic  of  regional  greenschist  facies  meta¬ 
morphism.  The  tourmaline,  scapolite,  andradite,  diopside 
and  hornblende  found  in  the  metacalcargillites  near  the 
Terra  Mine  (Badham,  197 3^>)  and  elsewhere  in  contact 
aureoles  of  the  alkaline  plutons  (Badham  and  Morton, 
1976),  are  absent  at  the  Northrim  Mine.  This  is  to  be 
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expected  since  some  of  these  minerals  and  idocrase 
are  restricted  to  granoblastic  calcareous  tuffs  and 

/ 

other  rocks  within  100  m.  of  the  similar  granitic  (cf. 
syenitic--Hoffman  et  al.  ,  1976)  plutons  at  Echo  Bay 
(Robinson,  1971).  Some  of  the  "contact’*  minerals  have 
been  replaced  by  calcite,  actinolite,  albite  and  epidote 
secondary  minerals  not  only  more  characteristic  of  re¬ 
gional  metamorphism  but  also  found  in  rocks  further 
removed  from  the  Great  Bear  plutons.  Contact  meta¬ 
morphism,  and  especially  contact  metasomatism  has  had 
a  limited  effect  on  the  development  of  metamorphic 
textures  and  minerals  away  from  the  plutons. 

The  Northrim  rocks,  situated  2  kilometres 
south  of  the  Balachey  Lake  pluton  have  neither  the 
secondary  minerals  nor  the  granoblastic  textures  asso¬ 
ciated  with  contact  metamorphism.  In  this  respect 
they  are  similar  to  the  majority  of  other  Camsell 
River  rocks  subjected  to  "metasomatism"  by  Badham  (1973a-). 
The  Northrim  rocks  are  not  considered  to  be  metasomatic 
since  metasomatism  produces  rocks  of  uniform  and/or 
gradational  composition  and  texture:  the  Northrim 
basalts  are  heterogenous  in  both  composition  and  texture. 
The  writer  suspects  that  this  condition  applies  to  other 
rocks  of  the  Great  Bear  volcano-sedimentary  sequence 
elsewhere  in  the  Camsell  River  and  Port  Radium  districts. 

The  porphyritic  dykes  of  the  granite-granodiorite 
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suite  have  also  been  metamorphosed.  Primary  minerals 
and  textures  have  been  irregularly  replaced  by  carbonate, 

i 

quartz,  epidote,  clinozoisite ,  biotite,  chlorite  and 
sphene,  the  very  same  metamorphogenic  minerals  found 
in  Northrim  basalts.  If  these  replacements  were  contact 
metasomatic  in  origin,  one  would  have  expected  the  higher- 
temperature,  volatile-rich  assemblages  found  in  the  contact 
aureoles  next  to  major  plutons.  One  would  have  expected 
the  obliteration  of  the  primary  textures  so  well  pre¬ 
served  in  these  rocks.  Similar  ‘'retrograde"  metamorpho¬ 
genic  minerals  replace  primary  minerals  in  the  syenite- 
monzonite  and  granite-granodiorite  suites  of  the  Camsell 
River  (Badham,  1973^)  and  Echo  Bay  (Robinson,  1972) 
districts.  The  distinction  between  quartz-rich  and 
quartz-poor  rocks  of  the  Contact  Lake  pluton  in  the 
Echo  Bay  district  is  unclear  (J.  Casey,  pers.  comm. )  and 
this  writer  suggests  that  some  "plutonic"  quartz  may  be 
of  metamorphic  origin. 

The  mineralized  veins  at  Northrim  are  undoubtedly 
metamorphogenic  features.  Mineralized  wall  rock  stringers 
composed  dominantly  of  dolomite,  quartz  calcite  and  albite, 
terminate  in  carbonate-rich  patches  which  overgrow  pri¬ 
mary  minerals  and  textures  (Plate  V-l).  They  also 
terminate  in  larger  vein  structures  (Plate  V-2).  Small 
carbonate -quartz  stringers  truncate  vesicle  and  breccia 
carbonate  mineralization  but  in  some  instances  stringer 


' 

'' 


' 


I 


90 


PLATE  V.  Wall  Rock  and  Vein  Mineralization 

V-l .  Transmitted  light  image.  Mineralized  vein  - 
country  rock  contact.  The  dolomite  (dt)  vein  has  been 
truncated  by  albite  and  penninite-dominated  stringers 
which  also  contain  quartz,  dolomite  and  calcite.  The 
chloritic  and  albite  wall  rocks  have  been  highly  meta¬ 
morphosed  but  not  to  any  greater  intensity  than  wall 
rocks  further  away  from  this  vein.  Area:  2.7  x  2.0  mm. 

V-2.  Transmitted  light.  Quartz-carbonate  vein  mineral¬ 
ization  truncating  and  merging  with  country  rock  vesicle 
(?)  mineralization.  Pyrite  (py),  actinolite  (ac), 
chloritized  biotite  (bi),  sphene  and  albite  are  the 
abundant  metamorphogenie  minerals.  Area:  2.7  x  2.0  mm. 

V-3.  Transmitted  light:  Dolomite  (dt)  vein  -  wall 
rock  contact.  Quartz,  albite  and  K- feldspar  are  the 
minerals  which  line  vein  walls.  Two  wall  rock  quartz- 
albite  stringers  also  occur  on  the  image.  Area: 

-600  x  450U. 

V-4.  Transmitted  light.  Wall  rock  stringers  of  dolomite 
and  calcite  truncate  chlorite-rich  stringers  and  dissemin¬ 
ated  chlorite  mineralization.  Chlorite  Tch)  envelopes  a 
corroded  pyrite  mass  and  one  carbonate  stringer  truncates 
it.  The  stringers  occupy  a  series  of  parallel  joint 
fractures.  Area:  2.7  x  2.0  mm. 

V-5.  Transmitted  light.  Dolomite  vein  -  wall  rock 
contact.  The  wall  rock  has  been  intensely  hematized 
and  feldspathized.  A  opaque  oxide  (black)  coats  relict 
pyroxene  (white)  phenocrysts.  The  matrix  consists  of 
microcrystalline  K-feldspar.  Area:  2.7  x  2.0  mm. 

V-6.  Transmitted  light.  Dolomite  stringers  (white) 
in  feldspathized  rock.  The  relict  plagioclase  and 
pyroxene  crystals  (white)  have  been  replaced  by  a 
series  of  undetermined  micas,  amphiboles  and  chlorites. 

The  matrix  is  composed  dominantly  of  an  undetermined 
Na-bearing  alkaline  feldspar.  Hematization  has  occurred. 
Area:  2.7  x  2.0  mm. 
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carbonate  is  visibly  indistinguishable  from  vesicle  and 
breccia  carbonate.  Wall  rock  sulfide  minerals  of  varied 
textures  have  almost  always  been  truncated  by  small  car¬ 
bonate-rich  stringers  but  some  sulfide-rich  stringers 
truncate  some  carbonate-rich  stringers.  Wall  rock 
stringer  mineralization  occurred  synchronously  with 
both  wall  rock  metamorphogenic  and  major  vein  minerali¬ 
zation.  Carbonate  and  quartz-dominated  mineralization 
was  generally  preceded  by  silicate  and  sulfide-dominated 
mineralization  in  both  wall  rock  stringers  (Plate  V—  3 ) 
and  in  mineralized  veins  (Plate  V-4).  Magnetite  and 
epidote  are  abundant  in  some  stringers. 

Regional  metamorphism  was  almost  certainly 
accompanied  by  subsurface  hydrothermal  fluids.  The 
subaerial  Northrim  basalts  contain  an  estimated  1.6  - 
5  wt •  %  H^O ,  chiefly  in  the  metamorphic  minerals  chlor¬ 
ite,  biotite,  epidote,  and  various  amphiboles.  The 
maximum  solubility  of  H^O  in  a  basaltic  magma  at  1100°  C. 
and  1  kilobar  is  only  2. 5  wt.  magmas  extruded  at 
surface  pressures  would  contain  even  less  water  (Scarfe, 
1973).  hydrothermal  fluids  would  also  carry  the  soluble 
carbonate  necessary  for  the  formation  of  secondary  dolo¬ 
mite  and  calcite.  An  estimated  1-5  wt.  %  CO^  occurs 
in  the  Northrim  basalts s  only  a  smaller  portion  of  this 
occurs  in  mineralized  stringers.  The  hydrothermal 
brines  would  have  also  carried  Na  and  Fe  since  some 
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secondary  amphiboles  growing  off  vesicle  walls  change 
from  blue  to  colorless  within  individual  crystals  (K. 

i 

Lambert,  pers.  comm.).  Other  vesicle  minerals  include 
magnetite,  pyrite,  pyrrhotite,  chalcopyrite ,  quartz, 
albite,  biotite,  chlorite  and  epidote;  the  elements 
found  in  these  minerals  were  almost  certainly  contri¬ 
buted  by  hydrothermal/metamorphic  fluids.  Hydrous  and 
carbonaceous  minerals  are  concentrated  in  vesicles  and 
along  fractures  but  are  also  distributed  throughout  the 
wall  rocks. 

Preliminary  primary  fluid  inclusion  studies  of 
vesicle  mineralization  indicate  that  the  metamorphic 
fluid  was  a  hot  (T>  320°  C. ,  T  ~350°  C.),  saline  (30  - 
35  wt.  fo  NaCl  equivalent)  brine.  The  carbonate  host 
to  these  inclusions  occur  in  vesicles  far  removed  (at 
least  5  m. )  from  any  major  mineralized  vein  structure. 
Carbonate  stringers  are  rare  in  these  vesicles.  An 
unknown  mineral,  possibly  a  zeolite,  decrepitated  at  a 
temperature  of  312°  0. — it  sent  a  splash  of  aqueous 
vapor  across  the  miscroscopic  field  of  view.  The 
fluid  inclusion  brine  appears  to  be  similar  to  the  one 
thought  responsible  for  greenschist  facies  metamorphism 
and  proto-scale  ore  fluid  generation  in  the  Salton  ^ea 

geothermal  area. 
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Spilitization ,  Diagenesis  and  Metamorphism 

Notwithstanding  the  mineralogical ,  textural, 
geochemical  and  stratigraphical  evidence  presented  above, 
the  calc alkaline  Northrim  and  Camsell  River  basalts  may 
be  considered  as  spilitic  basalts,  whatever  commonly 
held  definition  of  the  term  "spilite"  may  be  preferred, 
whether  mineralogical,  textural  or  geochemical. 

The  origin  of  some  spilites  is  controversial  but 
Northrim  spilitic  assemblages  are  clearly  metamorphogenic . 
Seawater  alteration  of  basalt  would  not  account  for  the 
Northrim  spilitic  composition  and  mineral  assemblages 
for  several  reasons.  Firstly,  Northrim  basalts  are  non- 
pillowed  and  are  members,  along  with  Northrim  subaerial 
free-fall  pyroclastic  breccias,  of  a  volcanic  sequence 
which  includes  subaerial  free  fall  tuffs,  and  in¬ 
tercalated  fluviatile  and  lacustrine  sediments 
(Hoffman  and  McGlynn,  1977)*  Secondly,  seawater-basalt 

i 

ionic  exchange  leads  to  K  enrichment  in  all  major 
alkaline-bearing,  basalt  minerals  (  pyroxenes,  orthoclases, 
plagioclases ,  amphiboles)  and  Na  enrichment  in  seawater 
for  surficial  and  diagenetic  temperatures  and  pressures 
(Dr.  J.  Gill,  pers.  comm.).  Seawater-basalt  exchange 
of  alkaline  elements  before  or  during  diagenesis  thus 
leads  to  a  composition  diametrically  opposed  to  that 
of  the  Na-rich  and  Ca-poor  Northrim  rocks.  Therefore 
seawater  alteration  of  non-spilitic  basalts  to  form 
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Northrim  spilitic  basalts  is  physically  and  chemically 
unlikely,  if  not  impossible,  either  before  or  during 

i 

diagenesis , 

The  hypothesis  that  Northrim  basalts  were 
originally  extruded  as  hydrous,  spilitic  rocks  may  also 
be  rejected.  Not  one  single,  hydrous  spilitic  basalt 
has  been  yet  observed  on  the  earth’s  surface  during  or 
immediately  after  extrusion  (e.g.  Vuagnat  in  Amstutz, 

197*0  »  and  the  H^O  solubility  data  of  basaltic  magmatic 
mixtures  preclude  the  existence  of  hydrous,  spilitic 
magmas.  Reaction  of  hydrous  vapor  within  a  cooling 
basalt  is  precluded  by  textural  evidences  the  most 
vesicular  basalts  at  Northrim  are  not  altered  any  more 
intensively  than  most  non-vesicular  rocks  and  vesicle 
minerals  are  the  same  as  those  in  both  vesicular  and 
non-vesicular  basalt  matrices.  The  absence  of  regular 
and  rhythmic  mineral  banding  at  Northrim  also  counters 
protracted  mineral  readjustment  to  hydrous  vapors 
during  cooling  of  the  basalt.  Furthermore,  vapors  of 
modern  oceanic  and  continental  basaltic  magmas  are 
particularly  deficient  in  dissolved  solid  matter. 

The  Northrim  "spilites"  are  clearly  metamorphogenic . 


Summary  Statement 

Petrological  and  geochemical  evidence  are  con¬ 
sistent  with  respect  to  the  calcalkaline  affinity  of 


. 
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the  parent  magma,  the  metamorphogenic  composition  of 
the  secondary  rock  and  to  the  contribution  of  subsur¬ 
face  brine  fluids  to  metamorphism  of  the  Northrim 
basalts.  The  geochemical  and  petrological  evidence 
indicates  that  secondary  Northrim  vein  and  host  rock 
mineralization  are  both  spatially  and  temporally  re¬ 
lated  with  one  another;  they  are  almost  certainly  pro¬ 
ducts  of  regional  metamorphism.  Fluid  inclusions  indi¬ 
cate  that  metamorphogenic  mineralization  was  accompanied 
by  a  hot,  saline  brine. 

The  Northrim  magmatic,  "hydrothermal"  and  meta- 
morphic  conditions  appear  to  be  the  ones  characteristic 
of  the  Camsell  River  and  Echo  Bay  mining  camps. 
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CHAPTER  4 


REGIONAL  STRUCTURE  AND  VEIN  CONTROL 
Structural  Features 

The  Camsell  River  volcano-sedimentary  sequence 
is  broadly  folded  and  fold  axes  strike  125°  but  plunge 
20°  WNW  (Fig.  4).  NNE-dipping  limbs  predominate  to 
form  a  part  of  the  overall  homocline  of  Great  Bear 
volcano-sedimentary  rocks  against  the  Wopmay  Fault 
(Hoffman  and  McGlynn,  1977).  Concordant  plutonic  rocks 
of  the  syenite-monzonite  suite,  such  as  the  monzonite 
3  kilometres  north  of  the  Northrim  Mine,  are  often 
exposed  in  anticlinal  zones;  volcano-sedimentary  roof 
rocks  to  the  Great  Bear  Batholith,  such  as  the  basalts 
at  the  Northrim  Mine,  are  more  often  exposed  in  syn¬ 
clinal  zones. 

Volcanic  rocks  at  the  Northrim  Mine  strike  120° 
and  dip  65°  NNE,  an  orientation  similar  to  that  of  the 
regional  trend.  However,  the  brick-red  porphyritic 
latite  at  the  north  end  of  the  decline  (Fig.  3)  varies 
in  orientation.  Its  strike  changes  from  E  to  N,  its 
dip  from  N  to  W  all  within  200  feet  of  the  strike 
length.  Its  position  at  the  north  end  of  the  decline 
may  mark  the  nose  of  a  syncline  plunging  NW,  a  syncline 
parallel  with  the  one  interpreted  by  Badham  (1973^). 

The  syncline  trend  is  approximately  parallel  to  the 
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monzonite-andesite  contact  3  kilometres  north,  and  hence 

fold  orientation  is  compatible  with  origin  by  folding  of 

/ 

the  volcano-sedimentary  sequence  against  the  concordant 
Balachey  Lake  pluton  to  the  north. 

Folding  is  a  compressional  feature  and  the  major 
compressional  axis  must  have  been  aligned  NNE  by  NE-SSW 
by  SW.  This  orientation  is  similar  to  that  of  NE 
trending  fractures  which  often  form  the  planar  loci 
of  NW  side  down  normal  faults,  dextral  strike-slip 
faults,  some  porphyritic  granite  diorite  dykes,  some 
giant  quartz  veins  and  a  few  tholeiitic  diabase  dykes. 
The  dextral  movements  which  offset  fold  axes  (Fig.  4) 
and  tensional  movements  which  allow  dyke  and  vein  em¬ 
placement  along  NE  fractures  would  not  have  accompanied 
simple  fold  compressional  stress,  however,  and  the  fore¬ 
going  statement  would  also  apply  to  tensional  and  shear 
motions  which  created  the  dilatancies  on  ENE  and  ESE 
fractures,  also  subsequently  filled  by  dyke  and  vein 
mineralization. 

N,  NS,  ENE  and  ESE  trending  dilatancies,  faults, 
veins  and  dykes  must  postdate  the  main  period  of  folding 
since  these  features  are  hardly  folded  themselves.  The 
WNW  by  NW  plunge  of  fold  axes  indicates  uplift  to  the 
SE  within  the  Great  Bear  Batholith  and  downdrop  to  the 
NW  within  the  Great  Bear  volcano-sedimentary  sequence. 
This  uplift  and  downdrop  may  be  synchronous  with  both 
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forceful  rise  of  the  granitic  plutons  of  the  batholith 
and  corresponding  depression  of  the  volcano-sedimentary 

i 

pile.  Hoffman  and  McGlynn  (1977)  refer  to  minor  "syn- 
volcanic" ,  NW  side  down,  NS  trending  dip-slip  faults 
which  have  been  truncated  by  most  plutonic  rocks.  Dis¬ 
placement  across  and  strike  lengths  along  these  faults 
are  less  than  those  of  the  later  but  parallel  NE  dextral 
strike-slip  faults  which  offset  major  fold  axes.  Oblique 
strike  slip  is  indicated  across  most  major  NE  faults  on 
the  maps  of  Hoffman  et  al.  (1976). 

The  writer  has  measured  the  orientations  of 
prominent  structural  fault,  dyke  and  vein  features  and 
this  information  is  presented  in  Figures  16-19.  The 
information  was  found  useful  in  reconstructing  the 
tectonic  regime  of  the  Great  Bear  Batholith,  the  regime 
under  which  the  mineralized  veins  were  emplaced. 


Structural  Relationships 

The  tectonic  history  of  the  Camsell  River  district 
may  be  deduced  not  only  from  fracture,  fold  and  fault 
orientation  but  also  from  the  sequence  of  intrusional 
events  which  occupy  these  fracture,  fold  and  fault 
systems.  Tholeiitic  diabase  dykes  crosscut  all  other 
host  rock,  dyke  and  vein  types  and  hence  are  the  youngest 
rocks  of  the  Camsell  River  and  Echo  Bay  regions.  Mineral 
ized  auartz- carbonate  and  giant  quartz  veins  crosscut 
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Plutonic  basement,  volcanic  roof  and  porphyritic  dyke 
rocks  (Campbell,  1957;  Dollery-Pardy,  unpbl.).  For- 
phyritic  dykes  of  the  granite-granodiorite  suite  trun¬ 
cate  the  volcano-sedimentary  sequence  including  Fe- 
oxide-apatite+actinolite  bodies  (Badham,  1973B;  Badham 
and  Morton,  1976)  and  the  synvolcanic  dioritic  and 
syenitic-monzonitic  intrusional  suite  (Shegelski  and 
Murphy,  1972).  Dextral  strike-slip  faults  cross  plu- 
tonic  basement- volcanic  roof  contacts  and  displacements 
of  all  lithologies  except  diabase  has  occurred  along 
them  (Mursky,  1972;  Shegelski  and  Murphy,  1972). 

Porphyritic  dykes,  the  secondly  emplaced  dyke 
rock  type  in  the  Camsell  River  district,  strike  N,  ENE 
and  NNE  by  NS  and  dip  vertically  (Fig.  16).  They  fill 
fractures  which  were  most  likely  the  products  of  the 
same  stress  system  which  folded  the  volcano-sedimentary 
rocks s  the  N  and  ENE  trending  dykes  occupy  the  two 
expected  shear  fractures  and  the  NNE  by  NE  trending 
dykes  occupy  fractures  parallel  to  the  maximum  fold 
compression  axis  of  the  strain  elipsoid  which  produced 
the  folding6.  Fracture  generation  of  the  latter  orien¬ 
tation  is  not  expected  from  such  a  stress  system  but 
must  have  been  created  before  and/or  during  porphyritic 


6phe  predicted  host  rock  sinistral  displacement 
of  the  theoretical  strain  elipsoid  occurs  along  one  ENE 
trending  dyke;  the  predicted  host  rock  dextral  displace 
ment  occurs  along  one  N-striking  dyke  on  the  map  of 
Shegelski  and  Murphy  (1972). 
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Figure  16s  Granitic  and  dioritic  dyke  orientation.^ 
Compass  rosette  of  stereographic  pole  strikes.  The 
23  granitic  dyke  (black)  and  4  dioritic  dyke  (white) 
measurements  were  determined  using  the  map  of.ohegelski 
and  Murphy  (1972).  The  fold  compressional  axis  (I)  and 
resultant  shear  plane  stereographic  axes  have  also  been 
included  on  the  compass  rosette. 
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dyke  emplacement.  NE  fractures  are  also  the  loci  of 
the  NW  side  down  faults  described  above.  The  Camsell 

i 

River  porphyritic  dykes  are  similar  in  mineralogy,  com¬ 
position,  structure  and  orientation  to  the  porphyritic 
granite  dykes  which  preceded  synvolcanic  granitic  in¬ 
trusions  north  of  Echo  Bay  (Hoffman  and  McGlynn,  1977). 
Previously  emplaced,  synvolcanic  diorite  dykes  of  the 
Camsell  River  district  have  orientations  similar  to 
those  of  the  Camsell  River  porphyry  dykes  but  they  may 
not  occupy  NE  orientations  (Fig.  16),  the  loci  of  later 
dip-slip  and  strike-slip  faults.  Porphyritic  granite 
dykes  were  probably  emplaced  after  the  onset  and  dioritic 
dykes  were  probably  emplaced  at  the  onset  of  fold  com¬ 
pression  and  dip- slip  NE  faulting. 

NE  strike-slip  faults  and  their  N  to  E-striking 
splays  are  similar  in  orientation  to  those  of  most  por¬ 
phyritic  dykes  and  almost  identical  to  those  of  giant 
quartz  veins  (Fig.  17,  18,  19).  Some  NS  faults  and 
splays  are  occupied  by  giant  quartz  veins  and  giant 
quartz  mineralization  was  contemporaneous  with  shearing 
and  brecciation  induced  by  dextral  strike-slip  movement. 
At  least  3  periods  of  shearing  and  brecciation,  each 
followed  by  introduction  of  more  quartz  and  carbonate 
have  been  identified  (Kidd,  1932;  Furnival,  1935;  Badham, 
1973b).  The  abundant,  sheared  N  and  ENE  fault  splays 
were  developed  along  fractures  of  orientation  parallel 


' 


103 


I 


Figure  17 :  Major  strike-slip  fault  orientation.  Compass 
rosette  of  stereographic  poles.  The  40. Camsell  River 
(black )  measurements,  28  of  them  determined  on  the  map 
of  Hoffman  et  al .  (1976)  and  12  of  them  on  the  lerra 
Mine  map  of  Badham  (1973^)*  afe  dextral  strike-slip 
faults*  the  2  Echo  Bay  (white)  measurements,  ae  .erminec 
on  thl’mlp  of  SSrsky  tl972)  are  sinistral  strike-slip 
faults.  A  secondary  axis  of  maximum  compression  (-U 
is  also  included  on  the  projection.  It  may  have  been 
nroduced  by  interaction  between  fold  compress lonal 
axis  (I)  and  the  rigid  Hepburn  block  along  the  N-a 

Wo pm ay  Fault. 
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to  the  previously  formed  fold  compressional  shear  planes 
and  splay  development  would  have  been  expedited  by  the 

/ 

latter's  previous  existence.  Dextral  movements  offset 
fold  axes  for  several  kilometres  along  NE  faults  and 
splays.  The  stress  system  which  would  account  for 
dextral  movement  on  N,  NE  and  ENE  faults  would  be  some¬ 
what  different  than  the  one  which  produced  the  observed 
folding  and  shear  fractures.  Its  maximum  compressional 
stress  would  not  only  be  oriented  to  produce  dextral 
movement  of  the  N,  NE  and  ENE  faults  and  splays  but  also 
sinistral  movement  on  the  two  E  and  ESE  splays  found  in 
the  Echo  Bay  district  on  the  maps  of  Mursky  (1972)  and 
Hoffman  et  al.  (1976).  The  axis  of  maximum  compression 
would  be  oriented  WSW-ENE  and  would  account  for  all  the 
strike-slip  displacements  observed  along  this  fault 
system.  This  compressional  axis  orientation  would 
also  account  for  the  compensating  sinistral  strike-slip 
ESE  to  SE  faults  and  splays  in  the  Hepburn  metamorphic 
belt  east  of  the  Wopmay  Fault  (Hoffman  and  McGlynn,  1977). 

Mineralized  quartz- carbonate  stringers  and  veins, 
believed  to  be  related  to  giant  quartz  veins  on  the 
basis  of  mineralogy,  texture  and  occurrence,  also  occupy 
dextral  NE  faults  but  they  do  not  occur  commonly  in  N- 
striking  fault  splays  (Fig.  17,  18;.  Mineralized  veins 
occupying  NE  faults  and  parallel  fractures  in  the  El¬ 
dorado,  Echo  Bay,  Terra  and  Contact  Lake  mines  have 
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been  repeatedly  sheared  and  brecciated  (Campbell,  1957; 
Robinson,  1971;  Badham,  1973h;  J.  Casey,  pers.  comm.). 

i 

The  same  condition  is  displayed  by  the  gouged  mineral¬ 
ized  phases  in  E  to  ENE- striking  Northrim  veins  where 
no  major  dextral  faults  have  yet  been  found.  The  E  to 
ERE  veins  at  Northrim  have  been  more  intensely  sheared 
and  occupy  dilatancies  formed  from  fractures  parallel 
to  the  expected  fold  shear  plane  but  the  more  dilatant, 
non-gouged  Northrim  ESE  veins  do  not  occupy  any  fracture 
plane  previously  mentioned.  The  ESE  fractures  which  dip 
at  varying  angles  both  to  the  north  and  south  may  have 
been  first  formed  upon  forceful  rise  of  the  synvolcanic 
Balachey  Lake  pluton  (R.  Folinsbee,  pers.  comm.).  A 
somewhat  similar  situation  exists  for  the  less  sheared 
ESE  and  more  sheared  E(NE)  fracture  systems  adjacent  to 
the  syenite  at  Contact  Lake  (J.  Casey,  pers.  comm.)  and 
reference  has  been  made  to  gouge-covered,  chloritic 
slip  planes  in  the  NE  shear  zones  and  the  brecciated, 
highly  dilatant  E-ESS  fracture  zones  of  the  Eldorado- 
Echo  Bay  vein  system  near  the  Glacier  Lake  pluton 
(Campbell,  1957).  The  mineralized  veins  are  post- 
volcanic,  syntectonic  features  which  truncate  plutonic- 
volcano- sedimentary  contacts  and  porphyritic  granite 
dykes  and  hence  the  multiple  shearing  and  dilatancy 
generation  during  vein  mineralization  of  the  Camsell 
River  and  Echo  Bay  districts  were  not  the  results  of 


Figure  18*  Mineralized  and  'giant  quartz'  vein  orienta- 
tion.  Stereographic  projection  of  poles  to  mineralized 
veins  and  compass  rosette  inset  of  'giant  quartz'  vein 
poles.  The  Camsell  River  (black)  'giant  quartz  mea¬ 
surements,  8  of  them  determined  from  the  map  of 
Shegelski  and  Murphy  (1972)  and  3  from.a  map  of 
Badham  (1973a),  and  the  6  Echo  Bay  (white)  measure¬ 
ments  determined  from  the  map  of  Mursky  (1972)  dixfer 
in  orientation  from  the  contemporaneous  ( ? )  mineral¬ 
ized  veins.  Northrim  vein/stringer  (small  dots),.  4 
North rim  major  structure  (big  dots),  20  Terra  major 
vein  (crosses),  5  Fort  Radium  shear  gouge  (closed 
triangle)  and  4  Port  Radium  dilatant  fracture  (open 
triangel)  measurements  indicate  the  presence  of 
fracture  systems  different  than  the  ones  predicted 
by  compressional  axes  I  and  II.  A  tertiary  axis . 
of  (III)  compression  may  have  been  generated . during 
interaction  of  E-W  compression  ( II ). with  rigid 
interfault  blocks  between  strike-slip  movements 
along  NE  faults.  The  Terra  vein  measurements  were 
determined  from  a  map  in  Badham  (1973"b)  an(^  _  c_  v 

Radium  vein  measurements  from  a  map  in  Campbell  (1937)* 
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a  stress  system  arising  from  forceful  rise  of  synvolcanic 
plutons,  although  such  a  rise  could  have  first  formed 

/ 

some  part  of  the  fractures  hosting  later  vein  mineral¬ 
isation.  The  tectonic  movements  which  occurred  during 
vein  mineralization  may  be  attributed  to  secondary  ES2- 
WNW  compression  and  pronounced  secondary  NNE-SSW  tension, 
perhaps  secondary  stresses  related  to  the  release  of 
ENE-SSW  compressional  strain  built  up  during  inactivity 
on  the  major  NE  fault-splay  systems.  The  pronounced 
NNE-SSW  tensional  condition  alternated  with  dextral 
strike-slip  movement  on  the  ENE  and  NE  faults  since 
new  phases  of  mineralization  (dilatancy  fillers)  grow 
off  fault  and  fracture  gouges  in  the  ENE-striking  North- 
rim  fracture  systems  and  off  the  ENE  to  NE-striking 
Terra  fracture  systems.  Dilatancies  in  both  the  E- 
ENE  and  ESE  fracture  systems  at  Northrim  are  filled 
by  the  same  phases  of  mineralization.  Dilation  on  the 
ESE  fracture  system  was  quite  substantial  at  Northrim 
but  it  is  not  as  pronounced  at  Terra  where  major  NE 
and  ENE  faults  and  splays  predominate  (Badham,  1973^5 
1975).  Shear  brecciation  does  occur  along  the  ESE 
fracture  systems  but  intensely  ground  gouge  zones 
do  not. 

Tholeiitic  diabase  dykes,  the  latest  epigenetic 
features,  occupy  fractures  of  nearly  all  orientations 
but  ENE  to  ESE  striking  dykes  are  overwhelmingly 
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predominant  (Fig.  19).  Displacements  of  dykes  along 
NS  strike-slip  faults  or  displacements  of  country  rocks' 
along  ENE-ESS  diabase  dykes  are  found  neither  on  the 
Camsell  River  maps  of  Shegelski  and  Murphy  (1973)* 

Badham  (1973^)  and  Hoffman  et  al.  (1976),  nor  on  the 
Echo  Bay  map  of  Mursky  (1972).  Hence  movements  on  the 
NE  faults  preceded  diabase  emplacement.  The  orientation 
maximum  of  diabase  dykes  does  not  coincide  with  those  of 
the  earlier  dykes,  faults  and  veins.  The  greater  dyke 
widths,  the  lack  of  shearing  and  the  lack  of  faulting 
in  the  diabase  dykes  themselves  indicate  that  compres¬ 
sive  tectonic  stresses  similar  to  the  ones  responsible 
for  previous  dyke  and  vein  emplacement  were  weal:  and 
only  tensional  conditions  could  have  opened  the  frac¬ 
tures  which  were  subsequently  filled  by  diabase  magma. 
Similar  N-S  tension  may  have  also  been  responsible  for 
the  opening  of  similarily-oriented  fractures  now  occu¬ 
pied  by  the  later  phases  of  mineralized  veins  but  the 
orientation  maximum  of  the  diabase  dykes  does  not  co¬ 
incide  with  the  orientation  maxima  of  mineralized 
veins  (Fig.  18,  19).  Some  botryoidal  arsenide-bearing 
quart z- carbonate  veins  occur  in  diabase  south  of  Contact 
Lake  in  the  Echo  Bay  district  (Mursky,  1972)  and  at 
G unbarrel  Inlet  in  the  Camsell  River  district  (Badham, 
1973b;  1975),  but  the  writer  cautions  the  reader  that 
remobilization  of  quartz- carbonate  material  (emplacement 
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Figure  19 :  Diabase  dyke  orientation.  Compass  rosette  of 
stereogranhic  noles.  Camsell  River  (black)  measure¬ 
ments,  27"  of  them  determined  from  the  map  of  Shegelski 
and  Murphy  (197  )  and  3  of  them  determined  from  a  map 
in  Badham  (1973b),  are  similar  in  orientation  to  the 
6  Echo  Bay  (white)  measurements  determined  from  the 
map  of  Mur sky  (1972). 
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temperature- -100  to  350°  0.)  would  be  expected  upon 
intrusion  of  diabase  magma  (1200-1400°  C.)  and  that 
precipitation  of  quartz- carbonate  etc.  would  occur 
upon  cooling  of  that  same  magma.  This  remobilization 
has  been  observed  in  the  Cobalt-Gowganda  diabases  by 
Jambor  (1971b)  and  in  the  Blind  River  diabases  by  the 
present  writer.  Diabase  dykes  crosscut  major  vein 
structures  at  the  Eldorado  and  Echo  Bay  Mines  near 
Port  Radium  (Campbell,  1957;  Robinson,  1971)  and  up¬ 
dating  of  Pb  isotopes  in  galena  from  1625  m.y.  to  1450 
m.y.  has  been  reported  from  the  Eldorado  Mine  (Thorpe, 
1971;  Robinson  and  Morton,  1972). 

The  tectonic  movements  of  the  Camsell  River  and 
Echo  Bay  belts  and  the  sequence  of  depositional ,  intru- 
sional  and  metamorphic  events  is  given  in  Figures  20 
and  21. 


Great  Bear  Structural  Features 

The  Camsell  River  and  Echo  Bay  volcano-sedimentary 
belts  have  been  folded  and  faulted  in  the  same  manner 
as  the  overlying  belts  of  the  Great  Bear  Batholith. 

The  ESE  by  SE  fold  axial  planes,  the  NW  side  down  NE 
faults,  and  the  dextral  NE  fault  systems  and  their 
dextral  ENE  and  N  splays,  are  present  throughout  the 
Great  Bear  Batholith  (Hoffman  et  al. ,  1975;  1976;  1977). 
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Porphyritic  granite  and  tholeiitic  diabase  dykes  exist 
north  of  the  Echo  Bay  belt.  Hence  the  same  tectonic 
stresses  inferred  for  the  Camsell  River  and  Echo  Bay 
belts  above  are  thought  to  have  determined  the  present 
regional  structure  of  the  Great  Eear  Batholith. 

Most  of  the  major  structural  features  appear  to 
diminish  in  intensity  towards  the  Wopmay  Fault  and  the 
Hepburn  Metamorphic  Belt  to  the  east.  These  include 
the  NS  dips  of  the  overall  homocline,  the  overall 
dominance  of  NE- dipping  limbs,  the  observed  dip-slip 
and  strike-slip  displacements  across  NE  faults  and  the 
overall  dominance  of  NE  faults  over  their  ENS  and  N 
splays.  NE  faults  also  diminish  in  number  and  break 
into  splays  towards  the  north  and  the  uppermost  members 
of  the  north  eastern  Great  Bear  volcano-sedimentary 
pile  overstep  the  Wopmay  Fault  (Hoffman  and  McGlynn, 
1977)*  Hence  all  structural  features,  and  all  struc¬ 
turally-controlled  dykes  and  veins,  with  the  exception 
of  the  universally  distributed  diabase  dykes,  were 
formed  during  the  accumulation  of  the  upper  units  of 
the  Great  Bear  volcano- sedimentary  pile,  an  inference 
which  may  also  be  drawn  from  evidence  presented  in  the 
previous  section. 

The  transition  from  the  Camsell  River-Echo  Bay 
lavas  of  the  southwest  to  the  overwhelmingly  more 
abundant  subaerial  tuffs  to  the  northeast  may  represent 
a  part  of  the  fore-arc  to  back  arc  transition  within  a 
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continental  margin.  'This  would  have  been  accompanied 
by  a  chronological  shift  of  volcanism  and  perhaps  of 
plutonism,  to  the  northeast  (Hoffman  et  al. ,  1976). 

The  volcano-plutonic  shift,  the  arc  transition,  the 
compressive  folding  and  the  calcalkaline  Camsell  River 
lavas  are  highly  indicative  of  subduction-plate  tec¬ 
tonic  conditions. 


Structural  Vein  Control 

Mineralized  quartz- carbonate  veins  and  vein 
structures  occupy  dilatancies  on  major  NE  fault,  ENE 
fracture  splays  and  ESE  fracture  systems  in  the  Camsell 
River  and  Echo  Bay  districts.  These  fracture  systems 
may  be  quite  extensive  and  there  are  indications  that 
proto-vein  fluids  v/ere  allowed  easy  passage  through 
some  regional  fracture  systems.  Several  "giant  quartz" 
veins  may  be  traced  for  several  kilometres  along  NE 
faults  (Kidd,  1932;  Furnival,  1935;  Mursky,  1972)  and 
one  Camsell  River  vein  has  been  traced  on  outcrop  for 
1  kilometre  (Shegelski  and  Murphy,  1973)*  A  few  North- 
rim  mineralized  veins  have  been  traced  at  distances  up 
to  2  kilometres  (Dollery-Pardy ,  unpbl.)  and  green, 
laminated,  cherty  xenoliths,  either  silicified  argil¬ 
lite  or  banded  tuff,  both  of  which  have  not  yet  been 
found  in  the  Northrim  Mine,  have  been  found  in  Northrim 
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veins.  They  may  have  been  plucked  from  the  argillite 
and  tuff-bearing  Terra  sequence  about  0.5  kilometres 

/ 

below. 

Veins  at  the  Northrim  Mine  and  other  mines 
pinch  from  millimetres  and  swell  to  metres  in  true 
thickness.  This  is  important  for  mining  widths  and 
quite  often  mining  grades  are  obtainable  only  at  swells. 
These  swells  were  dilatancies  produced  by  shearing  along 
curviplanar  fracture  surfaces,  shearing  along  offset 
fractures  and  displacement  at  fault  and/or  fracture 
splay  junctions  (see  Robinson,  1971;  Badham,  1973b). 
However  these  controls  are  only  local  and  economic 
mineralization  would  have  been  unlikely  without  re¬ 
gional-scale  access  of  proto-vein  fluids  to  such  dila- 
tanices.  Large  dilatancies  may  not  have  been  always 
required  since  economic  mineralization  occurs  very 
often  in  host  rock  stringers  and  hairline  fractures. 
Proto-vein  fluid  access  would  be  expedited  by  the  num¬ 
erous  fault  splays  and  jointed  fractures  which  vary  in 
orientation,  even  in  individual  mines  and  vein  structures 
(Fig.  18).  The  access  of  proto-vein  fluids  to,  and 
possible  fluid  derivation  from  country  rocks  via 
fracture  systems,  are  indicated  by  the  presence  of 
quartz- carbonate  etc.  mineralized  fillings  even  in  the 
smallest  of  fractures. 

Fracturing  and  dilatancy  generation  are  the 
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obvious  vein  controls.  Mineralized  veins  occupying 
fault  and  fracture  systems  truncate  almost  any  host 

/ 

rock  lithology  to  be  found  in  the  Camsell  River  and 
.icho  Bay  districts.  These  include  volcanic  flows  and 
tuffs  (Norex,  Northrim,  Echo  Bay,  Eldorado,  most  other 
occurrences),  volcanogenic  massive  sulfide  deposits 
(Northrim,  Terra,  Smallwood  Lake,  Norex,  Republic  ?), 
sedimentary  rocks  (dolomite--Bloom  Island;  siltstone-- 
south  shore  of  Rainy  Lake;  mudstone--Terra  Mine),  syenite 
plutons  (El  Bonanza,  Contact  Lake),  granitic  plutons 
(granite-aplite  contact  near  andesite  border--Republic 
property),  porphyry  granite  dykes  and  upon  remobilization 
diabase  dykes  (Gunbarrel  property;  Eldorado  and  Echo  Bay 
mines  in  part).  The  mineralized  veins  are  not  restricted 
to  any  particular  host  rock,  although  they  do  occur  more 
often  in  the  volcano- sedimentary  pile  at  various  dis¬ 
tances  away  from  obvious  plutons. 

Plutons  in  the  Camsell  River  and  Echo  Bay  districts 
generally  belong  to  the  synvolcanic,  syenite-monzonite 
suite.  This  suite  predates  the  intruding  porphyritic 
granite  dykes  which  are  in  turn  truncated  by  mineral¬ 
ized  veins.  Hence  syenitic  magma  fluids  are  not  those 
responsible  for  vein  mineralization,  although  the  wide¬ 
spread  hematization  and  feldspathization  in  their  con¬ 
tact  aureoles  may  be  attributed  to  them.  The  porphyr¬ 
itic  granite  dykes,  the  only  granitic  intrusions  present 
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within  the  Camsell  River  volcano- sedimentary  pile, 
precede  vein  mineralization  and  occupy  fracture  systems 

i 

which  do  not  coincide  completely  with  those  of  mineral¬ 
ized  veins  (Fig.  l6,  18),  and  they  are  not  spatially 
related  to  mineralized  veins  throughout  the  Camsell 
River  area.  Mineralized  fracture  systems  cross  granitic 
pluton  volcanic  roof  contacts  in  the  Eldorado  Mine  of 
the  Echo  Bay  district  and  in  at  least  one  instance, 
veins  occupy  a  NS  fault  which  offsets  the  granitic 
pluton-volcanic  roof  contact  (Campbell,  1957)*  Thus, 
granitic  intrusions  are  not  likely  sources  for  the 
proto-vein  fluids  in  both  the  Camsell  River  and  Echo 
Bay  districts.  Diabase  dykes  truncate  the  mineralized 
veins  at  several,  locations  and  they  occupy  fracture 
systems  which  do  not  coincide  with  those  of  the  miner¬ 
alized  veins  nor  any  other  dyke  and  vein  features. 

They  have  not  been  offset  by  dextral  movement  on  the 
syn-veinal  NE  faults,  unlike  syenitic  and  granitic 
plutons  everywhere  and  hence  their  magmatic  fluids 
were  simply  not  available  at  the  time  of  vein  formation. 
Host  rock  lithology  and  plutonic  magmatism  do  not  appear 
to  be  factors  in  vein  fluid  formation  but  they  may 
affect  the  later  fracture  and  dilatancy  generation 
necessary  for  vein  fluid  transportation. 

Mineralized  veins  of  the  (Ag,  Bi,  Ni ,  Co,  As) 
type  are  restricted  to  the  Camsell  River  and  z>cho  Bay 


districts  of  the  Great  Bear  region.  Mineralized  veins 
have  not  yet  been  found  in  the  NE  faults  and  ESE  frac- 

i 

ture  systems  north  of  the  Echo  Bay  district  and  struc¬ 
tural  conditions  will  not  account  for  this  absence. 
Granitic  plutons  and  dykes,  diabase  sheets  and  dykes, 
tonal ite  intrusions  and  basalts,  tuffs  and  volcano¬ 
sedimentary  rocks  are  found  in  the  north  (Hoffman  et 
al. ,  1975;  1976;  1977)  but  no  corresponding  reference 
to  (Ag,  Bi,  Ni,  Co,  As)  veins  have  been  found  in  the 
literature.  Hence  mineralized  vein  emplacement  in  the 
Camsell  River  and  Echo  Bay  districts  must  be  related 
to  some  other  regional  phenomenum( a)  found  only  through¬ 
out  the  two  mining  districts.  Advanced  hydrothermal 
regional  zeolite/greenschist  facies  metamorphism,  co¬ 
incident  upon  tectonic  fracturing  and  vein  minerali¬ 
zation  is  the  only  natural  factor  restricted  to  the 
two  districts. 

Evidence  concerning  the  spatial  and  temporal 
coincidence  of  hydrothermal  greenschist  metamorphism, 
fracture  emplacement  and  vein  mineralization,  especially 
at  the  Northrim  Mine,  has  already  been  presented.  Struc¬ 
tural  evidence  indicates  that  generation  of  the  hydro- 
thermal  brines  necessary  for  vein  mineralization  was 
regional  in  extent. 
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CHAPTER  5 

NORTKRIM  MINERALIZED  VEINS 


Introduction 

The  mineralized  ore  shoots  of  the  Northrim  Mine 
occur  in  multistage,  polyphase  veins  dominated  by  dolo¬ 
mite,  quartz  and  calcite.  The  veins  occupy  several 
fracture  systems  and  consequently  mineralized  veins 
and  stringers  coalesce  and  splay  to  form  vein  networks; 
the  larger  vein  networks  coalesce  to  form  composite 
polyphase  vein  structures.  Individual  phases  of  vein 
mineralization  may  occupy  portions  of  different  vein 
structures  and  individual  phases  of  vein  mineralization 
are  mineralogically  identical  to  and  are  spatially  con¬ 
tinuous  with  the  numerous  lightly  mineralized  dolomite- 
calcite-quartz  stringers  of  the  Northrim  wall  rocks. 

Major  composite  vein  structures  of  the  Northrim 
Mine  include  the  000  level,  000  level  north,  014  level, 
056  level  and  the  210  level  systems.  The  dominant, 
widest  and  most  dilatant  vein  phases  of  the  000  and 
000  north  systems,  and  consequently  the  000  and  000 

north  structures  themselves,  dip  75-80°  N.;  the  dom¬ 
inant  vein  phases  and  structures  of  the  other  systems 
dip  70-85°  S.  All  major  vein  phases  and  vein  structures 
strike  ESE,  except  for  some  parts  of  the  014  level 
system  which  strike  ENE.  Smaller  stringers  and  veins 
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in  the  Northrim  wall  rocks  also  strike  ENE  and  ESE, 
they  also  dip  75-85°  N.  and  S.  In  general  the  most 
dilatant,  less  orecciated,  less  sheared  phases  and 
structures  strike  ESS;  the  less  dilatant,  more  brec- 
ciated,  most  sheared  phases  and  structures  strike  ENE. 
Narrow  (0.1-10  cm.)  ENE-striking  gouge  zones  are  par¬ 
ticularly  abundant  in  the  014  vein  system. 

Individual  composite  vein  structures  are  sinuous 
and  vary  from  millimetres  to  metres  in  true  thickness. 
Component  mineralized  phases  also  vary  from  millimetres 
to  metres  in  thickness  and  the  wider  portions,  termed 
lenses  or  pods,  have  been  emplaced  at  fracture  and 
fault  junctions,  and  between  parallel  offset  fractures 
and  faults.  Individual  mineralized  phases,  often  com¬ 
posed  of  rhythmically  banded  carbonates,  quartz  and 
other  minerals,  grow  off  the  vein  wall  rocks  and  off 
one  another--they  are  essentially  accretionary  struc¬ 
tures.  Early  mineralization  fills  small,  dilatant 
fractures  which  have  been  brecciated  by  subsequent 
tectonic  movement,  and  later  mineralization  envelopes 
the  resultant  breccia  fragments.  Later  phases  of  min¬ 
eralization  generally  occupy  dilatancies  parallel  to 
and  next  to  the  dilatancies  now  occupied  by  earlier 
phases  of  mineralization--the  creation  of  adjacent  dil¬ 
atancies  promotes  the  development  of  composite  polyphase 
vein  structures  of  conveniently  mineable  widths. 


. 


The  wall  rocks  and  vein  structures  have  been 
repeatedly  brecciated  and  angular  fragments  (1  mm.  - 
1  m. )  of  both  wall  rock  and  vein  phases  occur  in  the 
mineralized  veins.  The  wall  rocks  themselves  have  been 
fractured  and  fragments,  termed  " xenoliths"  in  this 
treatise,  are  most  abundant  in  mineralized  phases  and 
adjacent  to  vein  walls.  Wall  rock  xenoliths  sire  gener¬ 
ally  larger  and  more  numerous  in  the  earlier  phases  of 
mineralization;  vein  phase  xenoliths  are  generally 
smaller  and  more  numerous  in  the  later  phases  of  min¬ 
eralization.  Early  breccia  zones  occur  in  the  wall 
rocks;  later  breccia  zones  occur  most  often  within 
the  vein  structures.  Many  wall  rock  and  vein  phase 
xenoliths  are  coated  with  rhythmically  banded  carbonate 
and  quartz--these  cockade  structures  are  most  common  in 
the  lightly  sheared,  highly  dilatant  000  vein  ore  stope. 

Ore  and  protore  are  restricted  to  a  few  of  the 
larger  veins,  polyphase  vein  structures  and  to  some 
parts  of  the  adjacent  wall  rocks.  Ore  and  protore  most 
often  occur  in  the  wider  polyphase  vein  structures  but 
this  relationship  is  only  coincidental.  Individual  ore 
minerals  and  aggregates  occur  only  within  specific 
phases,  and  often  within  specific  zones,  of  discontin¬ 
uous  mineralization. 
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Vein  Alteration 


Some  Northrim  veins  and  stringers  are  enveloped 
by  feldspathized  and  hematized  alteration  zones  (Plate 
V-5,  V-6)  mineralogically  identical  to  the  much  more 
extensively  feldspathized  lavas  described  in  the  pre¬ 
vious  chapter.  Vein  alteration  zones  are  only  a  few 
centimetres  wide  and  most  of  them  accompany  early- 
stage,  lightly  mineralized  stringers  associated  with 
the  010  and  014  vein  systems  east  of  the  decline.  K- 
feldspar  occupies  the  wall  rocks  closest  to  and  albite 
the  wall  rocks  furthest  from  the  veins;  hematite  dust 
pervades  parts  of  the  potassic  and  sodic  alteration 
zones.  Later,  highly-mineralized  veins  contain  hema- 
titic  feldspathized  wall  rock  fragments  but  they  are 
not  accompanied  by  recognizable  alteration  haloes  them¬ 
selves.  They  truncate  earlier  mineralized  veins  and 
their  attendant  alteration  zones. 

Feldspathized  and  hematized  country  rocks  also 
occur  at  the  Eldorado,  Echo  Bay  and  Terra  .Mines 
(Campbell,  1957;  Robinson,  1971?  Badham,  1973^*  1975)* 
Robinson  (1971)  associates  these  rocks  with  pitchblende 
ore  shoots  but  Campbell  (1957)  does  not.  At  the  North¬ 
rim  Mine,  country  rocks  are  neither  hematitic  nor  par¬ 
ticularly  feldspathic  adjacent  to  any  known  pitchblende 
mineralization.  The  same  condition  is  true  of  a  pitch¬ 
blende-mineralized  specimen  from  a  Terra  vein  shown  to 
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the  writer.  Reduction  of  U  during  pitchblende  mineral¬ 
ization  or  subsequent  autoxidation^  will  not  account 
for  country  rock  hematization  at  the  Northrim  and 
Terra,  and  perhaps  the  Eldorado  and  Echo  Bay  mines. 

The  feldspathized  and  hematized  country  rocks 
are  the  only  major  vein-related  features  at  the  Northrim 
Mine.  Other  alterations :  the  argillic  (biotitic?), 
silicic,  sulfurous  and  chloritic  ones  not  related  to 
specific  phases  of  vein  mineralization  at  Fort  Radium 
(Campbell,  1957 )»  exist  at  Northrim  but  they  are  most 
often  indistinguishable  from  secondary  wall  rock  min¬ 
eralization.  The  vein  alterations  at  Northrim  are 
considered  to  be  metamorphogenic  and  their  apparent 
concentration  along  some  early  vein  systems  may  be 
attributed  to  a  regional  metamorphic  condition,  whereby 
deeper-seated,  higher- temperature ,  metamorphic  fluids 
gain  access  to  shallower  levels  via  fracture  systems 
also  exploited  by  the  later  derivative  fluids  which 
gave  rise  to  vein  mineralization. 

Characteristic  vein  minerals,  for  example  the 
various  arsenides,  are  restricted  to  quartz-carbonate 
veins  and  stringers  at  the  Northrim  Mine,  unlike  the 
corresponding  minerals  of  the  Echo  Bay  Mine,  which  may 


^Rusty ,  hematite-dusted  dolomite  haloes  surround 
some  pitchblende  spherules  at  Northrim.  The  haloes  are 
almost  certainly  autoxidation  reaction  products  and 
they  are  restricted  to  vein  dolomite. 
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occur  in  the  wall  rocks  immediately  adjacent  to  some 
veins . 


Par  agenesis 

The  sequence  of  Northrim  mineralization,  the 
paragenesis  (Fig.  22),  has  been  resolved  into  4  stages, 
each  comprised  of  several  phases  of  mineralization.  A 
phase  is  considered  here  to  be  a  distinct  assemblage  of 
vein  minerals  deposited  penecontemporaneously.  A  min¬ 
eralized  phase  may  include  several  distinct  bands, 
layers  or  fracture  fillings  if  the  mineral  assemblages 
are  identical  and  if  the  mineral  aggregates  are  spa¬ 
tially  continuous  with  one  another.  Criteria  useful 
in  constructing  the  paragenesis  included  truncation, 
banding,  crustif ication  and  brecciation.  Truncation 
of  some  mineralized  phases  by  other  phases  of  mineral¬ 
ization  was  the  most  useful.  The  criteria  were  ob¬ 
served  both  in  specimen  and  on  site. 

The  first  stage  of  mineralization,  the  U-Ag-As 
one,  consists  of  carbonate,  quartz,  uraninite,  native 
silver,  sulfide  and  Ni-rich  arsenide  assemblages.  It 
is  not  an  abundant  one  in  the  upper  levels  of  the 
Northrim  Mine  but  it  does  occur  as  xenoliths  in  the 
later  mineralization  of  the  Bi-As-S  stage.  The  Bi-As- 
S  stage,  an  amalgamation  of  complex  assemblages 
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containing  sulfarsenide ,  triarsenide,  sulfide,  sulfo- 
salt  and  native  bismuth  mineralization  is  well  repre- 

i 

sented  at  the  Northrim  Mine:  it  is  the  dominant  stage 
of  all  the  vein  systems.  The  following  "Ag-As"  stage 
consists  of  quartz,  native  silver,  triarsenide  and 
acanthite-dominated  mineral  assemblages.  The  Ag-As 
stage  assemblages  are  not  abundant  and  they  are  suc¬ 
ceeded  in  turn  by  the  carbonate  and  sulfide-rich  "vug” 
stage  assemblages,  the  latest  ones  emplaced  in  the 
Northrim  veins.  The  maximum  intensity  of  vein  breccia- 
tion  occurred  during  the  early  Bi-As-S  stage  of  miner¬ 
alization  but  it  was  preceded  by  more  intensive  wall 
rock  brecciation. 

Several  difficulties  were  encountered  during 
construction  of  the  paragenesis.  Firstly,  there  are 
2  major  vein  structures.  It  was  impossible  to  correlate 
all  phases  in  both  structures  since  many  mineralized 
phases  found  in  one  have  no  counterparts  in  the  other 
and  reference  phases  were  not  available  for  their  cor¬ 
relation.  This  difficulty  was  circumvented  by  com¬ 
bining  the  observations  at  the  intersections  of  the 
000  and  014  structures  on  the  000  level  with  inferences 
based  on  mineral  assemblages  of  both  vein  structures. 
Secondly,  some  pods  of  mineralization  were  sealed  off 
during  vein  formation  and  consequently  they  have  a  more 
varied  mineral  assemblage  than  their  lateral  and  temporal 


equivalents.  Their  assemblages  include  minerals  which 
may  have  been  formed  during  later  phases  of  minerali¬ 
zation.  This  difficulty  is  not  considered  crucial  with 
respect  to  the  overall  paragenesis  since  most  minerals 
were  deposited  in  several  consecutive  phases  and  some 
in  nearly  all  the  phases  of  mineralization. 

Another  difficulty,  the  position  of  dendritic 
structures  within  the  paragenesis,  is  somewhat  per¬ 
plexing.  Dendrites  form  on  pre-existing  surfaces  but 
unless  they  cross  banding  or  some  other  primary  de- 
positional  feature,  the  mineral  affording  the  surface 
may  have  been  penecontemporaneously  deposited  with 
dendrite  mineralization.  Penecontemporaneous  depo¬ 
sition  appears  to  be  the  rule  for  arsenide-uraninite 
dendrites  of  the  U-As  stage  of  mineralization  since 
these  dendrites  are  restricted  to  individual  plugs  and 
bands  of  carbonate -quartz  mineralization.  The  same 
condition  applies  to  silver-arsenide  dendrites  of  later 
U-Ag-As  assemblages  and  to  dendritic  and  inflorescent 
native  bismuth-arsenide  intergrowths  of  the  Bi-As-S 
stage  of  mineralization.  The  native  bismuth- cobaltite 
dendrites  found  with  native  silver- cobaltite  dendrites 
were  probably  formed  during  the  Bi-As-S  stage  of  miner¬ 
alization  but  the  native  silver-saf florite  dendrites 
which  overgrow  carbonate  phase  contacts  adjacent  to 
quartz-rich,  silver-arsenide  assemblages  were  probably 
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formed  during  the  later  Ag-As  stage.  The  latter  den¬ 
drites  have  been  included  in  the  Ag-As  stage  of  miner- 

/ 

alization  on  the  paragenetic  record.  A  fourth  difficulty, 
incompleteness  of  the  sample  and  site  record,  was  not 
considered  as  important  as  the  third  since  new  infor¬ 
mation  would  only  demand  the  insertion  of  new  assemblages 
into  the  paragenetic  record.  It  would  not  demand  reor¬ 
ganization  of  the  paragenesis  itself. 

The  paragenetic  record  for  the  Northrim  Mine  is 
based  on  observations  of  the  veins  down  to  the  125  level. 
This  record  is  thought  to  be  nearly  complete  since  samples 
from  the  lower  levels  shown  to  the  writer  by  Dr.  R.  Morton 
are  composed  of  assemblages  which  fit  into  the  paragene¬ 
sis  presented  above.  The  Northrim  paragenesis  is  re¬ 
markably  similar  to  the  one  of  the  Great  Bear  veins  by 
Rojkovic  (1973)  and  to  the  one  of  the  Terra  veins  by 
Badham  (1975)*  The  Northrim  paragenesis  differs  from 
the  one  of  Rojkovic  in  only  two  matters:  the  earliest 
quartz-hematite  phase,  common  in  the  Port  Radium  veins 
(Robinson,  1971)  and  the  latest  Cu-Ag-sulfide  phase,  a 
low  temperature  one  (op.  cit. ,  1973)  have  not  yet  been 
identified  at  Northrim.  The  Northrim  paragenesis  of 
this  treatise  resembles  the  Northrim  and  Norex  para- 
geneses  by  Badham  (1973b,  1975)  only  with  respect  to 
the  double  period  of  silver-arsenide  mineralization. 

This  double  period  of  mineralization  may  also  occur  at 
the  Terra  Mine. 
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Mineralogy 

The  mineralogy  of  the  Northrim  veins  is  complex 
but  over  9 Oy'o  of  the  vein  material  occurs  as  gangue 
carbonates  and  quartz.  Aluminosilicate  gangue  min¬ 
erals  include  muscovite,  chlorite,  albite  and  K-feldspar 
but  these  minerals  are  never  abundant  and  they  occur 
only  in  pre-Ag-As  stages  of  mineralization.  Albite 
and  K-feldspar  are  never  common  in  vein  structures, 
although  they  are  abundant  in  the  chlorite  and  carbonate- 
rich  stringers  which  enter  the  host  rocks.  Albite  and 
K-feldspar  form  layers  (<  1  mm.  )  which  accrete  directly 
onto  vein  walls  or  onto  earlier  mineralized  phases 
attached  to  vein  walls.  They  are  accompanied  by 
spherulitic  chlorite  with  Berlin  blue  interference 
colors  sind  apatite,  minerals  which  are  also  found 
adjacent  to  carbonate  stringers  in  the  host  rocks. 

The  more  prominent  and  economically  important 
minerals  are  described  below. 

(a)  Carbonates  and  Quartz 

Dolomite,  calcite  and  quartz  are  the  dominant 
vein  minerals  at  Northrim.  Dolomite  is  the  dominant 
carbonate  but  calcite  is  a  constant  accessory  mineral 
in  the  early  stages  of  mineralization  and  the  dominant 
carbonate  of  the  last  stage  of  mineralization.  Both 
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dolomite  and  calcite  contain  appreciable  Mn  and  Fe ;  Mn 
concentrations  are  higher  in  the  late  phases;  Fe  con- 

/ 

centrations  are  higher  in  the  early  stages  of  vein 
mineralization.  Rhodocrosite  and  siderite  do  not 
occur  in  the  Northrim  Mine,  although  they  do  occur 
at  the  Eldorado  Mine  (Robinson,  1971). 

Early  U-Ag-As  stage  dolomites  are  finely 
crystalline,  granular  in  appearance,  and  yellowish- 
white  in  color.  They  are  often  rhythmically  banded 
(3-15  mm.)  with  thin  laminations  (1-3  mm.)  of  quartz. 

This  dolomite  is  the  most  ferroan  of  the  Northrim 
dolomites  and  it  is  the  host  of  uranini te- arsenide - 
sulf ide+native  silver  mineralization.  These  dolomites 
are  most  abundant  towards  the  sides  of  and  in  the  wall 
rocks  adjacent  to  the  000  vein  structure.  The  ferroan 
dolomite  bands  may  increase  to  several  centimetres  in 
thickness  and  in  such  instances  uraninite  spherules 
and  colloform  masses,  botryoidal  arsenide  aggregates 
and  sulfide  grains  are  abundant.  In  smaller  stringers, 
individual  bands  of  this  mineralization  form  discrete 
plug-like  bodies.  Quartz  and  calcite  grains  are  inter- 
grown  with  the  dolomite. 

Later  U-Ag-As  stage  dolomites  resemble  the  earlier 
ones  but  are  usually  less  granular,  more  crystalline  in 
appearance  and  are  lighter  in  color.  They  are  also 
rhythmically  banded  with  quartz,  and  cockade  structures 
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(dia.  2-15  cm.)  composed  of  earlier  dolomite  and  wall- 
rock  breccia  fragments,  have  been  enveloped  by  banded 

i 

dolomite  and  quartz.  These  structures  are  remarkably 
abundant  in  the  widely  dilatant  000  vein  stope  on  the 
upper  levels.  Arsenide-native  silver+uraninite  dendrites 
and  sulfide  grains  are  found  in  this  dolomite.  Early 
Bi-As-S  stage  dolomite  is  identical  to  that  of  the  late 
U-Ag-As  stage  but  becomes  more  granular  with  increasing 
calcite  and  quartz  concentration.  This  dolomite  is  the 
host  of  the  later  heavy  sulfide  mineralization,  especi¬ 
ally  abundant  as  podiform  lenses  in  the  upper  level  000 
vein  stope. 

Quartz  is  the  dominant  mineral  of  the  early 
phase  of  Bi-As-S  stage  mineralization.  Rhythmically 
banded  (1-15  mm.  )  milky  and  transparent  quartz,  some¬ 
times  alternating  with  banded  diarsenide- triarsenide 
tubercular  growths,  form  parallel  rows  of  euhedral 
crystals  whose  termini  jut  into  tensional  dilatancies 
filled  by  later  mineralization.  These  comb  structures 
grow  off  vein  walls,  elongate  wall  rock  xenoliths,  pre¬ 
viously  emplaced  comb  structures  and  shear  fracture 
gouges.  Comb  structures  occupying  ENE-striking  stringers 
of  the  014  vein  system  have  been  repeatedly  sheared  and 
brecciated.  Shear  fracture  gouges  have  been  filled  by 
finely-brecciated  wall  rock  and  vein  mineral  fragments 
and  a  jet-black  triarsenide  matrix  in  the  thinner  (1-15  nun. )  , 
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more  elongate  (up  to  10  m. )  and  more  gouged  fractures, 
and  by  an  additional  green,  micaceous  mineral  (probably 
muscovite)  in  the  wider,  less  elongate,  less  gouged 
fractures.  Dilatancy  generation  of  a  tensional  nature 
was  synchronous  with  pronounced  shearing  since  the 
bases  of  comb  structures  are  attached  to  fracture  gouges. 
Individual  gouge  zones  splay  and  coalesce;  they  are  only 
abundant  in  ENE-striking  mineralized  phases.  The  latest 
bands  of  the  shear-banded  sequence  are  composed  of 
coarsely  crystalline  dolomite. 

Shear-banded  quartz  mineralization  is  succeeded 
by  coarsely  crystalline,  milky,  often  chalcedonic  quartz, 
then  dolomite  mineralizations  the  first  quartz-rich 
phase  is  associated  with  native  bismuth-skutterudite 
dendrites  and  lenses;  the  second  dolomite-rich  phase 
is  associated  with  native  bismuth-aikinite-sulfide 
mineralization.  In  the  000  vein  stope,  these  phases 
are  wide  and  have  been  only  mildly  brecciated;  in  the 
ENE-striking  parts  of  the  014  vein  stope  and  the  lower 
levels  of  the  000  vein  stope,  these  phases  have  been 
sheared  in  the  same  manner  as  the  shear-banded  quartz 
phase  of  the  paragraph  above.  These  sheared  bands  are 
wider,  less  elongate  and  less  brecciated  than  the  ones 
above,  and  chlorite,  instead  of  muscovite,  is  the  abun¬ 
dant  mineral  in  the  fracture  gouges.  Penecontempor- 
aneously  emplaced  pegmatitic  (to  10  cm. )  rhombs  of 
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white  dolomite  with  quartz,  aikinite-rezbanyite ,  native 
bismuth,  galena  and  chalcopyrite  occupying  interstitial 
surface  and  cleavage  traces  have  been  observed  in  the 
000  vein  system.  This  pegmatitic  phase  immediately 
precedes  coarse,  crystalline  quartz  mineralization. 

Coarsely  crystalline  quartz  with  interstitial 
silver,  arsenide  and  sulfide  mineralization  is  the  last 
mineral  phase  of  major  economic  importance  yet  discovered. 
It  fills  dilatancies  in  fracture  systems  which  occur  in 
the  000  vein  structure  on  the  middle  levels  and  in  the 
014  vein  structure  on  the  lower  levels  (R.  Morton,  pers. 
comm.).  Coarsely  crystalline,  barren,  zoned  quartz 
crystals --first  milky,  finally  transparent  in  color, 
then  amethystine  and  coarsely  crystalline  white  calcite 
with  sulfide  and  argentite  mineralization  occupy  the 
same  fracture  systems.  The  coarsely  crystalline  quartz 
occupies  those  portions  between  elongate,  individual 
plug-like  pods  of  silver-arsenide-quartz  mineralization 
and  is  penecontemporaneous  with  them.  Calcite-argentite- 
sulfide  mineralization  follows  the  milky  phase,  but  pre¬ 
cedes  the  amethystine  phase  of  zoned  quartz  mineraliza¬ 
tion.  Vugs  are  common  in  these  fracture  systems  and  vug¬ 
filling  minerals  include  quartz,  calcite,  marcasite,  chal¬ 
copyrite,  galena  and  hematite.  The  coarsely  crystalline, 
white  dolomite-calcite  stringers  with  scalenohedral 
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calcite,  cubo-octahedral  galena  and  a  powdery  clay 
mineral  are  the  last  vein  features  to  form.  They 
were  preceded  by  highly  manganiferous  yellow-orange 
dolomite  stringers. 

Quantitative  electron  microprobe  analyses  were 
not  performed  on  either  the  carbonate  or  quartz  but 
were  performed  on  several  samples  of  the  more  economi¬ 
cally  important  minerals  which  follow.  The  wavelength 
dispersion  method  was  employed  in  the  quantitative 
analyses.  Qualitative  reconnaissance  was  performed 
using  the  energy  dispersion  method. 


(b)  Native  Elements 

Native  silver,  native  bismuth  and  perhaps  native 
gold  are  found  in  the  Northrim  veins.  Native  gold  has 
been  identified  in  neither  hand  nor  polished  section 
but  one  anomalously  high  assay  value  (0.78  oz.  Au/ton) 
was  determined  in  one  sample  from  a  vein  south  of  the 
mine  workings. 

Native  silver  is  never  pure,  and  although  it 
does  not  contain  Cu,  Cd,  Zn,  Fb  nor  Bi  in  excess  of 
0.05  wt.  the  detection  limit  of  the  wavelength  dis¬ 
persion  method  employed;  it  does  contain  appreciable 
Sb  (0.3-0. 5  wt.  %)  and  Hg  (1-14  wt.  %) .  Hg  concen¬ 
tration  is  particularly  variable  and  13*8  wt.  %  Hg 
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PLATE  VI .  Ag-As  Mineralization 

VI-1.  Backscattered  electron  image.  Ag-As  dendrite. 
Native  silver  (Ag)  is  enveloped  by  an  arsenide  (as) 
rim.  Polybasite,  acanthite  and  a  Ag-Hg  amalgam  are 
also  present.  The  gangue  minerals  are  quartz  (qz) 
and  dolomite  (dt).  C3  marks  the  position  of  an  analyti¬ 
cal  entry  in  Table  7. 

VI-2.  AglA.100,000  counts.  Native  silver  (Ag)  is 

the  major  Ag-bearing  mineral.  Polybasite  (pb)  and 
acanthite  (ac)  also  carry  the  element  but  in  lesser 
concentrations.  ADP  (Ammonium  dihydrogen  phosphate) 
detector. 

VI-3.  Sb  La  .677  second  exposure.  3°>000  counts.  Both 
native  silver  and  polybasite  contain  appreciable  Sb.  The 
measured  concentration  in  native  silver  is  0.4  wt. 
Acanthite  and  the  Ag-Hg  amalgam  do  not  contain  appreciable 
Sb.  EDDT  (ethylene  diamine  dextrotartrate )  crystal. 

VI-4.  HgM  a .  15, 000  counts.  Native  silver  contains 
1.7  wt.  fo  Hg  and  a  thin  sliver  of  a  (Ago.ee  Hg0rl4  ) 
amalgam  occupies  a  small  fracture  (  ->  )  which  crosses 
the  less  mecuric  grain.  The  concentration  of  Hg  in 
both  minerals  has  been  measured  by  quantitative  wave¬ 
length  dispersive  analysis.  Acanthite  (ac)  and  poly¬ 
basite  (pb)  do  not  contain  appreciable  Hg.EDDT  crystal. 

VI-5-  AsLa  .  3°>0°0  counts.  Arsenide  minerals  rim 

the  native  silver  dendrite.  There  are  at  least  three 
arsenide  minerals  in  this  assemblage  but  they  are  in¬ 
distinguishable  here.  TAP  (Thallium  acid  phthalate) 
crystal. 

VI-6.  SkaK.  30,000  counts.  Polybasite  acanthite  and 
the  arsenide  rim  but  not  the  innermost  arsenide  blebs, 
contain  appreciable  concentrations  of  the  element. 

Apparent  concentrations  in  native  silver  are  atomic 
number  effects.  ADP  crystal. 


The  white  bars  of  this  plate  and  the  ones  of  succeeding 
plates  represent  50y  sample  distance. 
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PLATE  Vi 


. 


138 


PLATE  VII.  Ag-As  Mineralization  (continued) 

VII-1.  NiLct  image.  15,000  counts.  The  innermost 
arsenide  blebs  are  Ni-rich  but  are  Co-poor.  They  have 
a  composition  of  2  wt.  $  Ni,  2  wt.  %  Co,  70  wt.  %  As 
and  1.6  wt.  %  S.  They  are  almost  certainly  rammels- 
bergites.  The  safflorite  (sf)  rim  and  the  outer  most 
arsenide  inclusions  also  contain  Ni.  LiF  (Lithium 
fluoride)  crystal. 

VII-2.  CoLa  image.  40,000  counts.  The  safflorite 
rim  and  outer  most  arsenide  inclusions  contain  appreciable 
Co.  The  outer  most  inclusions  are  probably  cobaltites. 

The  most  prominent  cobaltite  is  marked  by  an  arrow.  The 
apparent  concentration  of  dots  within  native  silver  and 
polybasite  is  an  atomic  number  effect.  Safflorite  and 
cobaltite  also  contain  appreciable  Fe  but  a  FeK  image 
was  not  taken.  LiF  crystal. 

VII-3.  Reflected  light.  Late  U-Ag-As  stage  dendrite. 
Native  silver  (white)  enveloped  by  gersdorffite  (light 
gray)  in  dolomite  (dark  gray)  matrix.  Note  the  rhombic 
shape  of  some  parts  of  the  native  silver  dendrite-- this 
may  represent  pseudomorphic  replacement  of  dolomite. 

The  following  images  (Plates  VI-4,  5»  6;  VII-1,  2)  were 
obtained  on  this  dendrite  in  the  area  marked  "K" . 

VII-4.  AgLa  image.  90,000  counts,  319# second  exposure. 
Native  silver  (Ag)  also  occurs  as  small  inclusions  in 
gersdorffite  (gf).  Dolomite  (dt)  and  quartz  (qz)  are 
the  gangue  minerals.  ADP  crystal. 

VII-5.  AsLa  image.  80,000  counts,  165  seconds.  The 
As  is  concentrated  in  gersdorffite  (gf).TAP  crystal. 

VII-6.  SKa  image.  60,000  counts,  746  seconds. 
Gersdorffite  contains  the  element.  ADP  crystal. 


The  white  bars  of  this  plate  represent  50 U  sample  distance. 
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was  found  in  a  thin,  optically  distinct  sliver  of 
native  silver  lining  a  hairline  fracture  which  crosses 
a  Ag-As  stage  native  silver  dendrite  (Plate  VI-3). 

Native  silver  does  not  contain  more  than  100  ppm  Au, 
the  maximum  concentration  possible  if  all  Au  in  the 
concentrate  assays  (Table  1)  was  assumed  to  be  present 
in  the  native  silver  portion.  Native  bismuth,  unlike 
native  silver,  was  found  to  be  almost  completely  free 
of  other  elements.  Spurious,  low  concentrations  of  Ni, 
Co,  Fe  and  As  encountered  during  microprobe  analysis 
of  some  small  (l-5v0  native  bismuth  inclusions  is 
attributed  to  contamination  of  the  enveloping  arsenide 
mass  within  the  excitation  sphere  of  electron  beam 
impact. 

Sxsolution  of  native  metals  in  Ag  and  Bi-bearing 
sulfosalts  was  found  only  in  one  instance.  A  few  native 
bismuth  droplets  (5-2 5  u)  were  found  in  matildite  and  a 
few  native  silver  inclusions  ( 1  - 3 V1 )  were  found  in 
associated  freibergite  of  an  irregular  hybrid  assem¬ 
blage  including  galena,  sphalerite  and  chalcopyrite 
(Plates  VIII,  IX,  X).  Matildite  and  freibergite 
observed  in  other,  more  regular  phases  of  Northrim 
mineralization  do  not  have  native  metal  inclusions. 

This  lack  of  native  metal  exsolution  phenomena  in  mat¬ 
ildite  and  freibergite  suggest  low  temperatures  of 
vein  mineralization.  Native  metal  exsolution  has 
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not  been  observed  in  galena  or  other  Ag  and  Bi-bearing 
minerals . 

Native  silver  of  at  least  3  generations  occurs 
at  the  Northrim  Mine.  The  first  generation  of  native 
silver  occurs  as  separate  grains  accompanied  by  nicco- 
lite,  rammelsbergite ,  gersdorffite  and  pitchblende 
dendrites  and  rosettes  in  isolated,  early  phase  U-Ag- 
As  stage  plugs.  This  generation  of  native  silver  is 
not  abundant  in  the  Northrim  Mine  and  unlike  the  early 
Echo  Bay  (Robinson,  1971),  Terra  (Badham,  197  3"b,  1975) 
and  Great  Bear  Lake  (Rojkovic,  1973)  silvers,  known 
Northrim  silver  stringers  do  not  truncate  pitchblende 
structures.  The  second  generation,  accompanying  various 
arsenide  minerals  in  late  U-Ag-As  stage  dendrites,  is 
much  more  abundant  and  this  generation  may  be  spatially 
associated  with  native  bismuth-diarsenide  dendrites  and 
masses.  Silver-cored,  arsenide -rimmed  dendrites  and 
rosettes  (dia.  1-8  cm. )  belong  to  this  generation, 
which  in  all  respects  save  the  absence  of  pitchblende, 
resembles  the  first.  The  third  generation  of  native 
silver,  occurring  within  concentric  and  oscillatory 
gersdorffite,  cobaltite,  safflorite,  galena  and  chal- 
copyrite  intergrowths  interstitially  emplaced  between 
Ag-As  stage  "granular"  quartz  crystals  (cf.  "salt  and 
pepper"  ore)  is  the  most  widespread  and  abundant  phase 
of  native  silver  mineralization  known  at  Northrim. 


. 
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PLATE  VIII.  Bi-Ag-As-S  Mineralization 

VIII-1.  NiKa  image.  90,000  counts,  52 5  second  exposure. 
Gersdorffite  (gf)  is  Ni-rich.  It  contains  very  little  Co 
since  no  CoK  a  image  could  be  obtained.  LiF  crystal. 

VIII-2.  FeK  a  .  20,000  counts,  6?0  seconds.  Only  the 
dolomite  (dt)  contains  significant  Fe .  LiF  crystal. 

VIII-3,  VIII-4.  Backscattered  electron  images.  Dif¬ 
ferent  exposure  times  and  different  light  intensities. 
Ag-As/Bi-As-S  stage  combined  assemblages.  Minerals 
include  sphalerite  (sp),  galena  (gn),  matildite  (md), 
freibergite  (fb)  and  native  silver  (Ag).  Inclusions 
(up  to  3y)  of  galena,  matildite,  sphalerite  and  an  un¬ 
identified  mineral  (ud)  occur  in  freibergite  to  the 
right  of  the  native  silver  bleb.  Sulfide  and  sulfo- 
salt  minerals  were  deposited  first;  native  silver  last. 
Such  assemblages  are  disequilibriate  and  they  are  found 
wherever  previously  emplaced  sulfide-bearing  carbonates 
are  intruded  upon  by  Ag-sulfosalt  and  "salt  and  pepper" 
native  silver-skutterudite  phases.  The  oxidized  splotches 
(x)  should  be  ignored. 

VIII-5.  SK a  .50,000  counts.  Only  native  silver  and 
quartz  (qz)  do  not  contain  the  element.  ADP  crystal. 

VIII-6.  AgLa  .  50.000  counts.  Native  silver,  frei¬ 
bergite  and  matildite  carry  the  element.  The  native 
silver  also  contains  1.4  wt.  %  Hg,  an  element  not  de¬ 
tected  in  the  other  silver-bearing  minerals.  ADP 
crystal. 


The  white  bars  of  this  and  succeeding  plates  represent 
50y  sample  distance. 
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PLATE  IX.  Bi-Ag-As-S  Mineralization  (continued) 

IX-1.  ZnKa  image.  12,000  counts.  Sphalerite  (sp) 
is  the  major  Zn-bearing  mineral  but  freibergite  ( fb ) 
also  contains  Zn.  The  sphalerite  contains  0.6  wt.  % 

Cd  but  it  was  impossible  to  obtain  a  clear  image  be¬ 
cause  of  AgL  line  interference.  LiF  crystal. 

IX-2.  CuKa  .  25,000  counts.  Freibergite  is  the  host 
mineral.  LiF  crystal. 

IX-3*  FeKa  .  20,000  counts.  Undetermined  inclusions 
(ud)  and  freibergite  contain  the  element;  sphalerite 
(sp)  may  not.  LiF  crystal. 

IX-4.  SbLct  .  30,000  counts.  Freibergite  is  the  major 
Sb-bearing  mineral.  Native  silver  does  carry  appreciable 
3b  (0.5  wt.  tfo)  but  not  enough  to  show  on  this  image. 

EDDT  crystal. 

IX-5.  AgLa  *  3°, 000  counts.  Freibergite  contains  As 
but  the  undetermined  inclusions  (ud)  carry  higher  con¬ 
centrations  of  the  element.  These  inclusions  also  con¬ 
tain  high  concentrations  of  S,  Fe  and  Cu  but  not  Sb, 

Zn  nor  Ag .  The  mineral,  most  likely  a  sulfosalt  or 
a  sulfarsenide ,  warrants  further  study.  Apparent  As 
concentrations  in  other  metal-bearing  minerals  are 
atomic  number  effects.  RAP  (Rubidium  acid  phthalate) 
crystal. 

IX-6.  SnLa  .  10,000  counts.  Only  trace  concentrations 
of  Sn  may  be  present  in  any  mineral.  Dots  on  the  image 
represent  continuum  radiation. 


The  white  bars  on  the  plate  represent  50\±  sample 
distance . 
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PLATE  X.  Bi-Ag-As-S  Mineralization  (continued) 

X-l.  BiMa  image.  25,000  counts.  Matildite  is  the 
Bi-bearing  mineral.  Native  bismuth  inclusions  (ex¬ 
solution)  are  found  within  this  mineral  a  few  milli¬ 
metres  away  PbM  line  interference  was  minimal.  ADP 
crystal . 

X-2.  PbMa  .  20,000  counts.  Galena  is  the  Pb-bearing 
mineral.  Note  the  Widmanstatten-like  exsolution  of 
galena  in  matildite.  The  PbS-(Ag,  Bi)S  exsolution  is 
almost  complete.  LiF  crystal. 

X-3.  Reflected  light  image.  The  image  includes  the 
area  found  in  Plates  VII  and  VIII.  The  lettered  series 
indicate  locations  of  corresponding  entries  in  Tables  6 
and  7«  This  image  encompasses  the  area  pictured  in  the 
previous  plates  (VII-3  to  6,  VIII,  IX-1,2). 

X-4.  Reflected  light.  Early  Bi-As-S  stage.  Cobaltite 
(light,  low  relief)  and  dolomite  (gray)  brecciated  and 
replaced  by  native  bismuth  (light  gray,  tarnished).  Most 
of  the  smaller  fractures  (  -*  )  in  the  cobaltite  may  have 
been  created  upon  native  bismuth  expansion.  Small 
fractures  of  this  kind,  some  of  which  are  radial,  are 
restricted  to  early  arsenide-bismuth  assemblages.  They 
are  absent  in  later  sulf os alt-bismuth  assemblages. 


X-5.  Reflected  light  image.  Late  Bi-As-S  stage. 

Native  bismuth  (Bi,  tarnished),  galena  (gn)  and  aikinite- 
rezbanyite  (ak)  form  aggregate  structures  in  dolomite 
(gray).  The  Bi-bearing  arsenide,  most  probably  a  saf- 
florite,  occurs  as  small  (<5y)  inclusions  within  aikinite 
next  to  native  bismuth. 


X-6.  Reflected  light, 
chloanthite-skutterudite 
sition  with  interstitial 


Early  Bi-As-S  stage.  Banded 
(gray)  of  oscillatory  compo- 
bands  of  quartz  (black). 


The  white  bars  on  the  plate  represent  50  V1  sample 
distance . 
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Native  silver  stringers,  dendrites  and  fracture  fillings 
found  with  complex  assemblages  of  native  bismuth,  ar¬ 
senide  and  sulfosalt  mineralization  along  fractures 
truncating  Bi-As-S  stage  banded  and  massive  dolomite 
within  centimetres  of  the  interstitial  silver-quartz 
mineralization  were  almost  certainly  introduced  with 
the  third  generation  of  silver.  Third  generation  silver 
has  been  overgrown  by  skutterudite  grains  (1-4  mm.  dia. ) 
but  a  later  generation  of  silver  fills  hairline  fractures 
which  truncate  skutterudite  crystals.  This  generation 
most  probably  represents  a  local  remobilization  of  old 
third  generation  silver  since  oscillatory  growths  of 
native  silver  and  skutterudite  has  been  observed  by 
the  writer.  The  three  or  four  generations  of  native 
silver  are  always  associated  with  diarsenide,  sulfar- 
senide  and  quartz  mineralization:  gersdorffite  in  the 
first,  gersdorffite  and  cobaltite  in  the  second;  and 
safflorite,  gersdorffite,  cobaltite  and  chloanthite- 
skutterudite  in  the  third  generations.  Native  silver 
dendrites  and  rosettes  of  the  first  generation  are 
often  cored  by  quartz  and  most  often  rimmed  by  diar¬ 
senide  minerals.  Native  silver  most  often  forms  the 
cores  and  sulfarsenide  minerals  the  rims  of  second 
generation  dendrites  and  rosettes. 

Native  bismuth  appears  in  at  least  5  different 
situations.  It  occurs  as  fracture  fillings  truncating 
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U-Ag-As  stage  diarsenide  dendrites,  as  interstitial 
fillings  between  Bi-As-S  stage  pegmatitic  dolomites  and 
quartz,  as  oscillatory  intergrowths  with  cobaltites  in 
3i-As-S  stage  dolomites,  as  cores  of  safflorite  and 
skutterudite  dendrites  and  masses,  as  fracture  fillings 
truncating  visibly  banded  skutterudites  and  as  exsolved 
blebs  in  hybrid  Bi-As-S/Ag-As  stage  sulfosalts.  Pene- 
contemporaneously  formed  minerals  in  native  bismuth 
assemblages  include  cobaltites,  chloanthite-skutterudite , 
aikinite-rezbanyite ,  galena,  chalcopyrite ,  sphalerite, 
matildite,  freibergite  and  tetrahedrite .  Native 
bismuth-arsenide  aggregates  are  nearly  as  abundant 
as  native  silver  arsenide  aggregates.  Native  bismuth 
mineralization  of  all  textures  precedes  third  generation 
but  follows  first  and  second  generation  native  silver 
mineralization. 

Native  bismuth,  like  water,  is  one  of  the  few 
substances  which  expand  upon  solidification  and  radial 
fracturing  analagous  to  frost  cracking  has  been  observed 
for  some  native  bismuth  occurrences  (Ramdohr,  1969). 
Radial  fracturing  has  not  been  observed  in  minerals 
enveloping  native  bismuth  but  locally  pronounced,  ir¬ 
regular  cracking  of  skutterudite  occurs  in  some  early 
Bi-As-S  stage  native  bismuth-arsenide-sulfide  assem¬ 
blages  (Plate  X-4).  This  cracking  may  be  also  attri¬ 
buted  to  tectonic  brecciation  but  this  interpretation 
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is  not  as  probable  as  the  first  since  fracture  extensions 
into  gangue  carbonates  and  quartz  are  not  filled  with 

/ 

native  bismuth.  Later  native  bismuth-arsenide-sulfo- 
salt  assemblages  do  not  have  this  texture  and  it  may 
be  concluded  that  depositional  temperatures  of  Northrim 
mineralization  of  the  late  Bi-As-S  and  later  Ag-As 
assemblages  never  exceeded  271.5°  C.f  the  solidification 
temperature  of  native  bismuth.  Maximum  temperatures  of 
Northrim  vein  mineralization  for  all  late  phases  would 
have  been  somewhat  less  than  271.5°  C.  since  native 
bismuth  may  be  expected  to  expand  and  shatter  the 
surrounding  minerals  at  temperatures  lower  than  its 
solidification  point.  Temperatures  of  early  Bi-As-S 
stage  mineralization  would  have  exceeded  271.5°  C. 

It  should  be  pointed  out  that  leaf  silver,  wire 
silver  and  hair  silver  varieties  quoted  in  Robinson 
(1971)  have  been  found  in  Northrim  veins  but  no  de¬ 
tailed  compositional  study  of  them  has  been  made  by 
the  present  writer.  To  these  textural  varieties  may 
be  added  "tear-drop"  silver  but  precusory  study  of 
Robinson's  data  and  electron  microprobe  analysis  and 
reconnaissance  of  Northrim  silvers  have  indicated 
that  native  silver  composition  does  not  change  sub¬ 
stantially  with  textural  type.  A  series  of  plates 
illustrating  the  occurrence  of  silver  dendrites,  in¬ 
clusions  and  masses  has  been  given  to  indicate  the 
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complexity  of  various  mineral  assemblages  containing 
native  silver.  Similar  complexity  may  be  found  in 

/ 

assemblages  containing  native  bismuth,  which  is  often 
found  in  hybrid  secondary  assemblages  containing  native 
silver,  even  though  the  two  me  tails  never  touch  one 
another. 

(c)  Arsenides  and  Sulfarsenides 

Arsenide  minerals  identified  in  Northrim  veins 
(in  order  of  first  appearance  in  the  paragenesis)  in¬ 
clude  niccolite,  rammelsbergite ,  gersdorffite ,  cobal- 
tite,  chloanthite-skutterudite ,  safflorite  and  glaucodot. 
Three  other  arsenides  were  also  found:  a  Bi-bearing 
safflorite  (?)  phase  occurring  with  native  bismuth, 
aikinite-rezbanyite  and  galena  (Plate  IX-5)»  an  op¬ 
tically  distinct,  slightly  anisotropic  phase  interme¬ 
diate  in  composition  between  rammelsbergite  and  gers¬ 
dorffite  (Plate  X),  and  a  previously  undescribed  ar¬ 
senide  with  a  formula  of  PbAs  (Plate  XI).  Arsenide 
minerals  are  found  in  the  first  three  stages  of  min¬ 
eralization  and  there  is  scarcely  a  mineralized  vein 
structure  at  Northrim  which  does  not  contain  them. 

Early  U-Ag-As  stage  arsenide  plugs  contain 
niccolite,  rammelsbergite  and  gersdorffite.  They 
occur  as  plug-like  masses  tapering  into  "tails"  along 
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PLATS  XI.  As-Bi-3  Mineralization 

XI-1 .  Backscattered  electron  image.  U-Ag-As  stage 
accretionary  structure.  Niccolite  (nc)  occupies  the 
center,  rammelsbergite  (rm)  and  gersdorffite  (gf)  the 
flanks  and  cobaltite  (cb)  the  rims  of  such  masses. 

Rim  cobaltite  mineralization  may  have  been  deposited 
with  native  bismuth  (Bi)  during  the  early  Bi-As-S  stage 
of  mineralization.  A1-A5  mark  the  positions  of  corres¬ 
ponding  analytical  entries  in  Table  5* 

XI-2.  AsLa  .  100,000  counts.  The  arsenide  and  sulf- 
arsenide  minerals  are  represented.  TAP  crystal. 

XI-3.  NiKa  .  80,000  counts.  All  the  arsenide  and 

sulfarsenide  minerals  contain  appreciable  Ni.  LiF 

crystal . 

XI-4.  CoKa  •  40,000  counts.  Only  cobaltite  (cb) 
contains  appreciable  concentrations  of  the  element. 

The  apparent  Co  concentration  in  native  bismuth  is  an 
atomic  number  effect.  LiF  crystal. 

XI-5.  SKa  .  75,000  counts.  Arsenian  gersdorffite 
(agf),  gersdorffite  (gf)  and  cobaltite  contain  appre¬ 
ciable  S.  Bismuthinite  (bs)  specks  occur  locally  with 
native  bismuth  along  small  fractures  truncating  the 
arsenide  mass.  PET  crystal. 

XI-6.  BiMa  .  30,000  counts.  Native  bismuth  (Bi) 

and  bismuthinite  contain  the  element.  Both  replace 
minerals  of  the  accretionary  structure.  PET  (pent- 
aerythritol)  crystal. 


The  white  bars  on  the  plate  represent  50]J  sample 
distance . 
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the  sides  of  veinlet  walls.  Niccolite  occupies  the 
centermost  part  of  the  "plug”  and  the  portion  of  the 
"tail"  closest  to  the  veinlet  walls.  Niccolite  was 
the  first  mineral  to  have  been  deposited:  it  was 
followed  by  rammelsbergite  and  then  gersdorffite  de¬ 
position.  Skeletal  and/or  spherulitic  rinds  of  uran- 
inite  occur  within  the  three  arsenide  minerals  and 
uraninite-rammelsbergite  and  uraninite-gersdorffite 
dendrites  and  rosettes  (Plates  XV-1,  5.  6;  XVI)  are 
abundant  towards  the  plug  centers. 

Later  U-Ag-As  stage  assemblages  include  the 
three  arsenides  of  the  plugs,  cobaltite  and  an  ar¬ 
senide  intermediate  in  composition  between  rammels¬ 
bergite  and  gersdorffite  (mineral  A3»  Table  5)«  This 
mineral  is  the  arsenian  gersdorffite  variety  found  in 
Cobalt-Gowganda  ores  (Petruk  et  al.,  1971a).  The 
sequence  of  arsenide  emplacement  is  identical  to  that 
of  the  previous  stage  except  that  arsenian  gersdorffite 
sometimes  occurs  between  gersdorffite,  rammelsbergite 
and  niccolite  (Plate  X).  Compositional  zonation  with¬ 
in  individual  arsenides  was  encountered  during  quanti¬ 
tative  electron  microprobe  analysis  but  the  differences 
in  composition  were  greater  between  minerals  than  with¬ 
in  them.  The  center  niccolite  (mineral  Al)  was  found 
to  be  relatively  uniform  in  composition;  the  rammels¬ 
bergite,  arsenian  gersdorffite  and  gersdorffite  (minerals 
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PLATE  XII.  PbAs  Mineralization 

XII-1.  Reflected  light  image.  Late  Bi-As-S  stage . 
assemblage.  Matildite-galena  (md-gn)  mass  with  native 
silver  (Ag)  inclusions  and  one  grain  of  PbAs,  a  mineral 
previously  unreported  in  the  mineralogical  journals 
scanned  by  the  writer.  Its  crystallographic  features 
warrant  further  study.  Proposed  name:  Brederite,  after 
a  prominent  family  of  the  Netherlands.  The  image  lies  a 
few  millimetres  away  from  the  images  of  Plates  VII  and 
VIII. 


XII-2.  Sample  current  image.  Matildite  (md),  galena 
(gn),  quartz  (qz)  and  "brederite"  (PbAs)  appear  in  the 
image. 

XII-3.  AsLa..  10,000  counts.  2 56  second  exposure. 
Brederite  alone  contains  the  element.  RAP  crystal. 

XII-4.  SK a  .  80,000  counts.  126  seconds.  Matildite 
and  galena  contain  the  element;  brederite  does  not. 

ADP  crystal. 

XII-5.  PbM  a  .  80,000  counts.  256  seconds.  ’'Brederite" 
and  galena  contain  high  concentrations;  matildite  con¬ 
tains  only  low  concentrations  of  the  element.  There 
is  no  BiM  interference.  LiF  crystal. 

XII-6.  BiM a  .  80,000  counts.  Matildite  contains  the 
element;  galena  may  not.  Brederite  appears  to  contain 
some  Bi  but  this  may  be  attributed  to  PbM  line  inter¬ 
ference.  The  brederite  in  the  image  has  the  following 
composition:  90  wt.  %  Pb,  10  wt.  %  As.  This  composi¬ 

tion  corresponds  to  a  general  formula  of  PbAs 
and  the  major  mineral  is  probably  amphoteric.  No  other 
elements  were  found  in  brederite  by  electronic  dispersive 
analysis,  and  the  elements  S,  Fe,  Co,  Ni,  Cu,  Zn,  Ag,  Cd, 
Sb  and  Hg  were  undetected  in  quantitative  wavelength 
dispersion  analysis.  LiF  crystal. 


The  white  bars  on  the  plate  represent  50y  sample 
distance . 
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A2,  A3,  A 4 )  envelope  somewhat  more  variable  in  compo¬ 
sition  and  the  cobaltite  crust  (mineral  A 5)  was  found 
to  be  extremely  variable  in  composition.  S  concentra¬ 
tion  was  found  to  be  inversely  proportional  to  As  con¬ 
centration  in  rammelsbergite ,  a  relationship  which  is 
not  pronounced  because  of  the  low  S  concentration  in 
rammelsbergite;  the  same  relationship  is  more  pro¬ 
nounced  for  gersdorffite ,  arsenian  gersdorffite  and 
rim  cobaltite  whose  S  concentrations  are  higher  than 
those  of  rammelsbergite.  Ni,  Co  and  Fe  concentrations 
in  rim  cobaltite  vary  inversely  with  one  another  and 
similar,  less  pronounced  variations  in  Ni,  Co  and  Fe 
(?)  concentrations  occur  in  arsenian  gersdorffite, 
gersdorffite  and  rammelsbergite.  The  arsenian  gers¬ 
dorffite  may  be  the  product  of  reaction  between  rammels 
bergite  and  gersdorffite  during  a  minor  thermal  pulse. 

The  arsenide  mass  above  is  typical  of  all  U-Ag- 
As  stage  arsenide  accretionary  structures  observed  in 
the  Northrim  mine.  Niccolite  forms  the  core,  rammels¬ 
bergite  the  inner  layers,  gersdorffite  the  patches  and 
outer  layers,  and  cobaltite  the  rind  of  arsenide  masses 
In  general  a  Ni-rich  but  Co,  Fe  and  S-poor  niccolite 
and/or  rammelsbergite  core  of  generally  uniform  compo¬ 
sition  yields  to  a  Ni-poorer,  but  S-richer  gersdorffite 
and  arsenian  gersdorffite  envelope  of  slightly  more 
variable  composition,  and  the  latter  minerals  yield 
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PLATE  XIII.  Ag-As  Mineralization 

XIII-1.  Asia  image.  100,000  counts.  Early  Bi-As-S 
stage  triarsenide  assemblage.  Oscillatory  banded 
chloanthite-skutterudite  similar  to  that  of  Plate  IX-6. 
the  banding  is  not  obvious  in  this  image  since  all 
triarsenides  carry  similar  concentrations  of  As. 
Oscillatory-banded  triarsenides  oxidize  and  carbonatize 
very  quickly.  ADP  crystal. 

XIII-2.  SKa  .  77,000  counts.  Oscillatory  banded 
zonation  in  S.  The  S-rich  mineral  is  cobaltite  (cd). 

ADP  crystal. 

XIII-3.  NiKa  .  100,000  counts.  Oscillatory  zonation 

in  Ni.  Ni-rich  bands  tend  to  have  lower  S  concentrations. 

LiF  crystal. 

XIII-4.  CoKa  .  100,000  counts.  Oscillatory  zonation  in 
Go.  Co-rich  bands  tend  to  have  higher  S  concentrations. 

Go  concentration  is  always  inversely  proportional  to  Ni 
concentration.  The  triarsenides  also  contain  minor  Fe 
but  the  FeKa  image  was  not  taken. 

XIII-5.  Backscattered  electron  image. .  Ag-As  stage 
"salt  and  pepper"  assemblage.  Native  silver  (Ag)  and 
gersdorffite  inclusions  occur  in  the  skutterudite . 

The  gangue  is  quartz  (qz).  Note  the  absence  of  pro¬ 
nounced  oscillatory  banding. 

XIII-6.  AgLa  .  20,000  counts.  Native  silver  (Ag) 
inclusions.  ADP  crystal. 


The  white  bars  on  the  plate  represent  50y  sample 
distance . 
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to  a  Ni-poorer  but  Co  and  Fe-richer  gersdorf fite  or 
cobaltite  rim  of  highly  variable  composition.  The 

/ 

greater  mass  of  U-Ag-As  stage  diarsenide  accretions  is 
found  as  niccolite,  rammelsbergite  and  gersdorffite , 
and  very  little  mass  is  found  in  the  compositionally 
variable  cobaltite  rims.  The  compositionally  variable 
rim  represents  the  formation  of  later  Co  and  Fe-richer 
arsenide  mineralization  both  from  contemporaneous  and 
from  later  mineralizing  fluids.  The  latter  interpre¬ 
tation  is  favored  where  the  arsenide  rim  is  safflorite 
or  glaucodot  and  where  the  rim  is  separated  from  the 
major  part  of  the  structure  by  other  minerals,  especially 
those  of  another  phase. 

Diarsenide  assemblages  similar  to  the  ones  above 
but  containing  less  niccolite  and  rammelsbergite  and 
correspondingly  greater  gersdorffite  and  cobaltite, 
alternate  with  banded  triarsenide  sequences  of  the 
Bi-As-S  stage  of  mineralization.  Triarsenide  assem¬ 
blages  of  this  stage  are  visibly  banded  and  individual 
bands  consist  of  chloanthites  and  skutterudites  of 
oscillatory  composition  (Plates  X-6,  XIV).  Indi¬ 
vidual  chloanthite  bands  may  contain  appreciable  Co 
and  minor  S  and  skutterudite  bands  almost  always  con¬ 
tain  appreciable  Ni  and  minor  S.  Some  chloanthite 
and  skutterudite  bands  remain  fresh;  others  weather 
jet  black  upon  exposure  to  moisture.  The  cause  of 
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PLATE  XIV.  Ag-As  Mineralization  (Con't.) 

XIV-1.  NiKa  image.  240,000  counts.  The  gersdorffite 
(gf)  inclusions  are  Ni-rich.  The  host  skutterudite  (sk) 
is  also  Ni-rich  but  native  silver  (Ag)  inclusions  do  not 
contain  the  element.  LiF  crystal. 

XIV-2.  CoKa  .  counts.  Skutterudite  but  not 

gersdorffite  contains  high  concentrations  of  Co.  The 
skutterudite  is  neither  visibly  zoned  nor  banded  with 
respect  to  Co  and  Ni  in  the  images.  LiF  crystal. 

Xiy-3.  FeKa  .  60,000  counts.  Some  parts  of  the  skutter¬ 
udite  contain  significant  Fe  and  there  may  be  an  Fe-rich 

rim.  The  atomic  number  effect  is  very  pronounced  in  this 
image.  LiF  crystal. 

XIV-4.  A  sloe  48,000  counts,  45  second  exposure.  Ag-As 

stage  "salt  and  pepper"  assemblage.  Chloanthite  (sk) 
grain  in  quartz  (qz)  gangue.  There  are  native  silver, 
gersdorffite  and  galena  inclusions  in  the  grain.  TAP 
crystal. 

XIV-5.  SKa  ,•  20,000  counts,  836  seconds.  Chloanthite 
contains  some  S  but  galena  (gn)  and  gersdorffite  (gf) 
contain  higher  concentrations.  Native  silver  (Ag)  does 
not  contain  the  element.  EDDT  crystal. 

XIV-6.  FeKa  .  20,000  counts,  444  seconds.  The  gers¬ 

dorffite  contains  significant  and  chloanthite  minor 
concentrations  of  Fe.  The  apparent  concentration  in 
native  silver  is  an  atomic  number  effect.  LiF  crystal. 


The  white  bars  on  the  plate  represent  50y  sample 
distance . 
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this  variable  weathering  is  not  fully  understood  but 
it  appears  to  be  related  to  S  concentration.  Banded 

/ 

chloanthite-skutterudite  structures  often  include 
quartz  and  sometimes  carbonate  and  they  are  replaced 
by  later  native  bismuth,  cobaltite  and  safflorite 
mineralization,  especially  along  fractures.  Strongly 
banded  triarsenide  sequences  are  restricted  to  the 
early  Bi-As-S  stage  of  mineralization  and  occur  pre¬ 
vious  to  the  main  phase  of  sulfide  mineralization. 
Banded  triarsenide  structures  are  not  as  abundant  as 
accretionary  diarsenide  structures  and  they  are  more 
variable  in  composition.  Iriarsenide  banding  is  not 
affected  visibly  by  later  fracture  mineralization. 

Safflorite  (minerals  Cl,  C2,  Table  5)  has  not 
been  observed  in  Northrim  diarsenide  accretions  but 
it  is  abundant  with  native  bismuth  as  fracture  fillings 
in  dendritic,  florescent,  oscillatory  and  accretionary 
structures.  Safflorite  also  rims  later  Ag-As  stage 
dendrites  (Plate  V).  Safflorites  are  the  most  vari¬ 
able  in  composition  of  all  arsenide  minerals,  both 
within  and  between  individual  grains  and  structures. 

The  visibly  distinct  Bi-bearing  arsenide  observed  with 
native  bismuth,  aikinite-rezbanyite  and  galena  in  one 
polished  section  (Plate  IX-5)  may  be  a  variety  of 
safflorite . 

Gersdorffite,  cobaltite,  safflorite,  chloanthite 


■ 
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FLATE  XV.  Ag-As  Mineralization  (continued) 

XV-1.  NiKa.  .  60,000  counts,  9^7  second  exposure.  Both 

chloanthite  (sk)  and  gersdorffite  (gf)  are  Ni-rich.  LiF 
crystal. 

XV- 2.  CoKa  .  10,000  counts,  955  seconds.  Unlike  the 

triarsenides  of  Plates  XII  and  XIII,  the  ones  of  this 
plate  contain  little,  if  any,  Co.  The  triarsenides  of 
this  plate  occur  at  the  edge  of  a  "salt  and  pepper" 
veinlet.  The  image  is  an  atomic  number  effect.  LiF 
crystal . 


XV-3,  .  AgLa  .  30,000  counts,  372  seconds.  Native  silver 
inclusions  and  overgrowths  are  particularly  abundant  with 
(in)  chloanthite.  ADP  crystal. 

XV-4.  Reflected  light  image.  U-Ag-As  stage.  Gersdorf¬ 
fite  accretionary  mass  (white)  alternates  with  uraninite 
(gray)  in  dolomite  gangue  (dt).  Niccolite  occupies  the 
centres,  rammelsbergi te  and  gersdorffite  the  flanks  of 
some  accretions  containing  uraninite  spherules  a  few 
millimetres  away. 

XV-5.  Reflected  light.  Gersdorf fite-uraninite  rosette 

within  a  few  millimetres  of  the  accretionary  mass  of 
Plate  XIV-4.  Such  dendritic  structures  do  not  carry 
significant  native  silver  concentrations  but  sphalerite, 
galena  and  chalcopyrite  inclusions  are  abundant.  Galena 
inclusions  are  abundant  in  these  structures.  Quartz  (qz) 
rims .most . of  the  structures  in  the  image.  Discrete 
sulfide  mineral  grains  occur  outside  the  dendrite 
structures . 

XV- 6.  Reflected  light.  Gersdorffite-quartz  dendrites 

in  dolomite  gangue.  A  few  drops  of  native  silver  (white, 
Ag)  occur  on  the  edges  and  termini  of  gersdorffite  (white)- 
rich  dendrite  branches.  Uraninite  is  absent.  Unfortun¬ 
ately,  most  Northrim  arsenide  dendrites  of  this  phase  do 
not  contain  appreciable  silver. 


The  white  bars  on  the  plate  represent  50y  sample 
distance . 
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and  skutterudite  occur  with  native  silver  and  ’’granular" 
quartz  mineralization  of  the  Ag-As  stage.  The  first 
two  arsenides  occur  as  irregular  and  oscillatory  inter¬ 
growths  with  native  silver,  galena  and  sphalerite  and 
these  intergrowths  may  be  rimmed  by  skutterudite  (min¬ 
eral  D3).  These  intergrowths  occur  in  turn  by  large 
chloanthite  and  skutterudite  grains  (1-4  ram.).  The 
resultant  texture  prompts  the  mining  term  "salt  and 
pepper"  ore.  "Gersdorffite"  (mineral  Dl,  Table  5) 
and  cobaltite  (mineral  D2)  vary  in  composition  with 
respect  to  Ni,  Go,  and  Fe  within  individual  grains, 
as  well  as  between  them.  Large  chloanthite  (Plate 
XII)  and  skutterudite  (mineral  D4)  grains  are  only 
weakly  zoned  in  composition  within  individual  grains 
but  extremely  variable  in  composition  between  them. 

The  compositional  variation  between  grains  is  a 
function  of  mineral  location j  chloanthite  grains 
occur  towards  the  extremities,  particularly  the  term¬ 
ini  of  quartz-silver  veins,  pods  and  stringers;  skutter¬ 
udite  grains  occur  towards  the  centers  of  these  struc¬ 
tures.  In  one  vein  section,  niccolite  occurs  towards 
the  extremities  and  cobaltite  towards  the  center,  but 
this  zonation  is  not  as  common  as  the  first.  The  tri- 
arsenides  are  not  optically  banded,  unlike  most  triar¬ 
senides  of  the  early  Bi-As-S  stage  of  mineralization. 

The  nature  of  arsenide  mineralization  is  both 
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spatially  and  temporally  regular  with  respect  to 
individual  minerals,  mineralized  phases  and  mineralized 

i 

stages  throughout  tne  paragenesis.  Earliest  formed 
niccolite  occupies  the  cores  of  accretionary  structures, 
the  first  linings  of  vein  walls  and  the  first  growths  of 
crustiform  structures  off  vein  walls  in  the  earliest 
and  later  phases  of  the  early  U-Ag-As  stage.  It  is 
compos itionally  the  least  variable  of  the  arsenide 
minerals  and  it  is  nearly  S-free  and  Go-poor  in  its 
earliest  occurrences  (mineral  Al,  Table  5).  It  is 
repeatedly  the  first-emplaced  mineral  of  arsenide 
structures  throughout  the  paragenesis,  although  it 
becomes  progressively  less  abundant  within  later  phases 
of  mineralization.  Rammelsbergite ,  the  second  arsenide 
which  appears  in  the  paragenesis,  is  repeatedly  the 
second-emplaced  mineral  of  U-Ag-As  arsenide  structures 
where  niccolite  is  present  and  the  first-emplaced 
mineral  in  some  later-stage  structures  where  niccolite 
does  not  occur.  Rammeslbergite  contains  minor  S  and 
is  only  slightly  heterogenous  in  composition.  Like 
niccolite,  rammelsbergite  becomes  progressively  less 
abundant  within  later  phases  of  mineralization.  Gers- 
dorffite,  the  third  arsenide  mineral  which  appears  in 
the  paragenesis,  is  repeatedly  the  third  mineral  em¬ 
placed  in  early  polyarsenide  growth  structures.  Com- 
positionally  it  is  somewhat  more  variable  than  niccolite 


' 
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PLATE  XVI.  U-As-S  Mineralization 

XVI-1.  Backscattered  electron  image.  Early  U-Ag-As 
stage  assemblage.  Uraninite  (u)  mass  with  primary 
gersdorffite  and  galena  inclusions  in  dolomite,  calcite 
and  quartz  gangue. 

XVI-2.  CaKa  .  100,000  counts.  Dolomite  (dt)  is  the 
major  Ca-bearing  mineral.  Calcite  (cc)  rims  the  uran¬ 
inite.  The  decrease  of  dot  intensity  on  the  upper  right 
corner  is  only  a  defocussing  effect.  LiF  crystal. 

XVI-3.  UMa  .  100,000  counts.  Uraninite  is  responsible 
for  the  image.  Like  all  other  Northrim  uraninites,  no 
Th  was  detected  in  this  sample.  There  may  be  minor 
concentrations  of  U  in  the  dolomite,  although  Mg  satel¬ 
lite  lines  may  be  responsible  for  the  effect.  PET 
crystal. 


XVI-4.  PbMa  .  50.000  counts.  Galena  (gn)  inclusions 

within  dolomite  and  uraninite  are  particularly  striking 
but  Pb  is  disseminated  with  S  within  the  uraninite.  The 
dolomite-hosted  galena  is  almost  certainly  primary;  the 
disseminated  Pb  in  uraninite  almost  certainly  radiogenic. 
In  one  bleb  (  -*■  ) ,  a  primary  galena  rim  envelopes  gers¬ 
dorffite.  PET  crystal. 

XVI-5.  _SKa  .  52,000  counts.  Slightly  offset  from  the 

other  5  images.  Both  gersdorffite  and  galena  carry  the 
element.  S  is  present  within  uraninite  next  to  gers¬ 
dorffite  inclusions;  its  distribution  in  the  mineral 
coincides  with  that  of  radiogenic  Pb.  EDDT  crystal. 

XVI -6.  NiKa  .  50.000  counts.  Gersdorffite  is  common 

both  as  minute  inclusions  and  fracture  fillings  in 
uraninite.  .LiF  crystal. 


The  white  bars  represent  50y  distances,  just  as  they  do 
in  Plates  III  through  XV. 
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and  rammelsbergite ,  but  not  in  the  earlier  phases  (e.g. 
mineral  A4,  Table  5).  Gersdorffite  is  usually  the 
first  arsenide  mineral  emplaced  in  the  later  Bi-As-S 
and  Ag-As  stages  of  mineralization  due  to  the  absence 
of  niccolite  and  rammelsbergite  in  most,  but  not  all, 
later  assemblages.  Gersdorffite  of  the  later  phases 
of  mineralization  is  extremely  variable  in  composition 
and  its  place  in  arsenide  structures  is  occupied  by 
cobaltite .  At  Northrim,  Bi-As-S  and  Ag-As  stage  gers¬ 
dorffite  and  cobaltite  form  a  continuous  compositional 
series,  and  sulfarsenides  of  almost  all  possible  Co/Ni 
ratios  have  been  observed.  Arsenian  gersdorffite  has 
only  been  observed  in  rammelsbergite  and  gersdorffite- 
dominated  accretionary  structures  of  the  U-Ag-As  stage 
but  it  may  appear  with  the  same  minerals  in  the  later 
stages . 

Cobaltite  first  appears  as  irregular  rims  on 
early  stage  arsenide  structures  but  it  is  not  abundant 
until  the  early  Bi-As-S  stage  where  it  occurs  in  oscil¬ 
latory  diarsenide  and  triarsenide  structures.  Cobaltite 
is  very  heterogenous  in  composition  and  it  forms  a  con¬ 
tinuous  compositional  series  with  alloclasite  in  Bi-As-S 
stage  and  early  Ag-As  assemblages.  Co/Fe  ratios  range 
from  1  to  10  in  cobaltites  and  alloclasites  of  these 
assemblages  but  Ni/Fe  variation  corresponding  to 
compositions  intermediate  between  gersdorffite  and 
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glaucodot  is  not  pronounced.  Arsenopyrite,  the  Fe 
end  member  of  the  glaucodot-arsenopyrite  compositional 

i 

and  structural  series  has  not  yet  been  observed  in  the 
Northrim  veins  but  it  is  abundant,  like  glaucodot,  in 
wall  rocks  adjacent  to  the  000  vein  structures  on  the 
100  level.  Their  deposition  in  wall  rock  bands  and 
stringers  predates  vein  mineralization,  at  least  the 
early  native  bismuth-aikinite-sulfide  phases  of  the 
Bi-As-S  stage  and  deposition  may  precede  all  miner¬ 
alized  vein  phases  now  preserved  in  the  Northrim  Mine. 

Wall  rock  glaucodot  and  arsenopyrite  are  spatially 
and  texturally  similar  to  flow  banded,  wall  rock  sul¬ 
fide  mineralization,  in  terms  of  texture,  fabric  and 
distribution. 

Safflorite  occurs  with  native  bismuth  and  native 
silver  assemblages.  It  is  the  most  heterogenous  mineral 
in  composition  and  the  writer  had  to  direct  the  electron 
microprobe  beam  onto  small  areas  (20y  x  20y;  5y  x  3y)  in 
order  to  obtain  the  heterogenous  compositions  of  the 
safflorites  in  Table  51  Loellingite,  the  Fe  end  member 
of  the  safflorite-loellingite  compositional  series,  has 
not  yet  been  found  at  the  Northrim  Mine,  but  some  saf¬ 
florites  are  remarkably  close  to  it  in  composition  (e.g. 
mineral.  C2).  Individual  safflorites  are  zoned  with  re¬ 
spect  to  Ni,  Co,  Fe  and  S:  Ni  is  generally  most  common 
towards  the  centers,  Co  in  the  middles  and  Fe  is  generally 
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most  common  towards  the  rims  of  safflorite  structures. 

S  zonation  is  not  so  regular  and  oscillating  concen- 

i 

trations  of  all  these  elements  are  especially  common 
in  Ag-As  stage  safflorites. 

There  are  two  sequences  of  triarsenide  mineral¬ 
izations  the  first,  an  oscillatory-banded  sequence 
preceding  sulfide,  sulfosalt  and  bismuth  mineralization 
of  the  Bi-As-S  stage;  the  second,  an  oscillatory-banded 
sequence  surrounding  native  bismuth  cores  in  dendrites; 
and  the  third,  a  non-banded  phase  of  the  Ag-As  stage  of 
mineralization.  Composition  and  zonation  is  most  pro¬ 
nounced  in  the  first  sequence  and  the  last  phase  of 
triarsenide  mineralization. 

In  summary,  the  following  general  conditions 
apply  to  Northrim  arsenide  mineralization: 

1.  Early-emplaced  monarsenide  (niccolite)  di¬ 
arsenide  (rammelsbergite )  and  sulf arsenide 
(gersdorffite ,  Ni-rich  cobaltite,  arsenian 
gersdorf f ite )  mineralization  occur  with 
silver  mineralization  in  phases  of  both 
the  U-Ag-As  and  Ag-As  stages. 

2.  Later  triarsenide  ( chloanthite ,  skutteru- 
dite)  mineralization  both  precede  and  follow 
bismuth,  sulfosalt  and  sulfide  mineralization 
in  phases  of  the  Bi-As-S  stage. 

The  last  emplaced  diarsenide  (safflorite) 
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and  the  last  emplaced  sulf arsenides  (Co- 

rich  cobaltite,  glaucodot)  in  the  paragenesis 

/ 

accompany  bismuth  mineralization  of  the  Bi- 
As-S  stage  and  silver  mineralization  of  the 
early  Ag-As  stage. 

4.  Compositional  zonation  is  limited  in  early- 
formed  minerals  and  is  more  pronounced  in 
later-formed  minerals.  This  statement 
applies  to  minerals  in  individual  growth 
structures,  between  separate  phases  and 
throughout  the  paragenesis.  One  exception 
to  this  condition  (6)  will  appear  below. 

5.  Compositional  zonation  is  more  pronounced 
in  Fe-rich  than  in  Co-rich  arsenides  and 
sulfarsenides  which  in  turn,  have  more  pro¬ 
nounced  zonation  than  in  Ni-rich  arsenides. 

6.  Compositional  zonation  of  triarsenide  min¬ 
erals  of  the  late  Ag-As  stage  is  less  pro¬ 
nounced  than  that  of  the  early  Bi-As-S 
stage . 

7.  The  mineralogical  succession  niccolite, 
rammelsbergite ,  arsenian  gersdorffite ,  gers- 
dorffite,  nickelian  cobaltite,  chloanthite- 
skutterudite ,  cobaltite,  glaucodot,  saf- 
florite  and  the  corresponding  compositional 
succession  NiAs,  NiASg,  NigAs^S,  NiAsS,  (Ni, 
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Go)  AsS,  (Nif  Co,  Fe1+x)As3_x,  (Co,  Ni,  Fe ) 
AsS,  (Co,  Fe)AsS,  (Co,  Ni,  FejAs^,  represent 
the  order  of  mineral  crystallization  and  the 
arrangement  of  components  within  individual 
arsenide  structures,  individual  mineral 
phases  and  throughout  the  period  of  Northrim 
vein  mineralization.  There  is  one  qualifi¬ 
cation  (9)  and  it  is  listed  below. 

8.  There  are  two  successions  of  arsenide  min¬ 
eralization,  just  as  there  are  two  general 
depositional  periods  of  native  silver  min¬ 
eralization.  Safflorite  appears  to  be  the 
first  mineral  formed  during  the  second  period. 

9.  Ag-As  stage  chloanthite-skutterudite  follows 
cobaltian  cobaltite  mineralization  instead  of 
preceding  it. 

(d)  Oxides 

Uraninite  (pitchblende)  and  hematite  are  the  two 
common  oxides  of  the  Northrim  veins  but  the  two  rarely 
occur  together.  Rusty-red  haloes  of  dusty  hematite 
surround  uraninite  spherules  and  masses  of  the  Ag-As 
stage  but  this  dusty  hematite  is  thought  to  be  an  autoxi- 
dation  product  of  the  host  Fe-rich  dolomite  created  upon 
U  decay  in  the  uraninite.  No  discrete  hematite  blebs 


. 

N 


176 


were  present.  Brick-red,  hematitic  wall  rocks  adjacent 
to  mineralized  veins  are  not  associated  with  uraninite 
mineralization  at  Northrim,  just  as  they  are  not  asso¬ 
ciated  with  pitchblende  mineralization  at  the  Terra  Mine 
and  in  the  Port  Radium  area  (Campbell,  1957). 

Uraninite  occurs  as  spherules,  dendrites,  rinds, 
and  colloform  masses  with  rammelsbergite  and  more  often 
gersdorffite  in  U-Ag-As  stage  plugs  (Plates  XIV,  XV). 

The  uraninite  may  have  been  deposited  originally  as 
colloidal  pitchblende  since  "shrinkage"  cracks--now 
filled  by  rammelsbergite,  gersdorffite,  dolomite,  cal- 
cite  and  quartz  have  been  found  in  the  spherulitic 
rinds  and  colloform  masses.  Galena,  sphalerite,  chal- 
copyrite  and  pyrite  inclusions  have  not  only  been  found 
in  uraninite  dendrites  and  masses  but  also  in  the  gangue 
minerals  immediately  surrounding  it.  Therefore  not  all 
Pb  in  the  galenas  associated  with  uraninite  mineraliza¬ 
tion  was  necessarily  radiogenic.  These  uraninite-gers- 
dorffite  dendrites  and  rosettes  are  common  and  it  has 
been  concluded  on  textural  and  structural  evidence  that 
early  U-Ag-As  stage  uraninite,  sulfide,  arsenide,  car¬ 
bonate  and  silica  mineralization  was  cogenetic.  Uranin¬ 
ite  of  later  U-Ag-As  stage  phases  has  a  similar  compo¬ 
sition,  similar  textures  and  the  same  mineral  associates 
but  its  dolomitic  host  is  more  highly  ferroan.  No  Th 
was  detected  in  electron  microprobe  reconnaissance  of 
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any  Korthrim  uraninite.  No  silver  mineralization  has 
been  observed  as  veinlets  within  the  uraninite  at  the 
Northrim  Mine  but  separate  native  silver  grains  do 
occur  within  the  plugs  and  native  silver  occurs  in 
arsenide  dendrites  of  the  same  stage  of  mineralization. 

Hematite  occurs  in  cavernous,  granular  quartz- 
carbonate-sulfide  pods  of  the  early  Bi-As-S  stage  as 
a  pronounced  red,  dusty  stain  on  carbonate  and  quartz. 

It  is  never  an  abundant  vein  mineral  and  the  writer 
has  always  observed  it  as  a  red-brown  weathering  powder 
coating  crystal  surfaces  in  any  phase  of  mineralization 
with  unfilled  fractures  and  cavities.  The  writer  has 
never  observed  discernible  hematite  crystals  in  any 
phase  of  vein  mineralization,  except  for  a  few  crystals 
on  some  open  vug  surfaces.  It  is  common  as  microscopic 
inclusions  and  smears  on  some  vug-stage  quartz  crystal, 
calcite  cleavage  and  calcite  crystal  surfaces.  Hema¬ 
tite's  most  interesting  occurrence  is  in  late  Ag-As 
stage  vein  quartz.  This  quartz  occupies  the  same 
fracture  systems  as  ’’salt  and  pepper”  ore  mineralization 
and  grades  from  a  milky,  coarsely  crystalline  to  an 
amethystine,  coarsely  crystalline  quartz  and  finally 
to  a  clear,  euhedral  quartz  whose  termini  do  not  quite 
fill  open  vug  space.  Hematite  not  only  accounts  for 
the  amethystine  color  of  the  intermediate  quartz  but 
also  coats  surfaces  between  the  3  thin  (1-3  mm. )  outer- 
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most  quartz  layers  deposited  on  the  termini  of  some 
euhedral  quartz  crystals.  Modern,  bright  red,  ferroan, 

i 

bacterial  slimes  ( thiobacilli )  exist  in  open  vug 
spaces  in  Northrim  veins,  especially  the  ones  near 
the  surface  and  in  one  drill  hole  where  surface  and 
ground  waters  percolate  through  them.  When  dry,  the 
resultant  smear  appears  as  a  drab  red,  dusty  coating 
which  gives  the  brick  red  hematite  streak.  By  analogy 
the  thin  outer  layers  of  some  vug  quartz  crystals  and 
the  hematite  coatings  between  the  quartz  layers  and 
on  quartz  crystal  surfaces  have  almost  certainly  been 
formed  by  surface  to  ground  water  inflow.  This  inter¬ 
pretation  is  also  confirmed  by  the  paucity  of  vug  sul¬ 
fide  mineralization  on  layered  vug  quartz,  mineraliza¬ 
tion  so  abundant  coating  non-layered  quartz  surfaces 
without  hematite  smears.  The  same  conditions  occur 
in  other  minerals  of  sealed  assemblages,  including 
scalenohedral  calcite. 

Magnetite  crystals  have  been  found  in  early 
dolomite  and  quartz  but  are  not  abundant  nor  widespread 
in  the  Northrim  veins.  Its  occurrence,  compared  with 
that  of  hematite  in  later  amethystine  quartz  minerali¬ 
zation,  suggest  that  mineralizing  fluid  oxygen  fugacity 
was  low.  Magnetite  has  only  been  observed  in  small  car 
bonate  stringers  of  the  early  Bi-As-S  stage  of  minerali 
zation  adjacent  to  magnetite-rich  wall  rocks. 


-£  i-i  is*  ;>ii&  >t  ,f  jmb£Iji  .Xfli*ie^3jscf 

- 


■ 


. 


Quartz,  the  most  abundant  oxide,  has  been 
described  with  the  gangue  minerals.  It  is  the  dominant 
vein  mineral  of  some  early  and  most  latter  phases  of 
mineralization. 

(e)  Sulfides 

Chalcopyrite  is  the  most  abundant  sulfide  and  the 
most  abundant  economic  mineral  of  the  Northrim  veins. 

It  occurs  in  all  phases  of  mineralization  and  it  is 
particularly  abundant  with  other  sulfide  minerals. 

Vein  chalcopyrites ,  unlike  some  host  rock  chalcopyrites , 
are  generally  free  of  sphalerite  and  other  inclusions. 
Chalcopyrite  inclusions  have  been  observed  in  freiber- 
gite  of  the  hybrid  late  Bi-As-S/early  Ag-As  stage  of 
mineralization,  but  most  chalcopyrite  occurs  as  iso¬ 
lated  blebs  and  masses  intergrown  with  granular  car¬ 
bonate,  quartz,  galena  and  various  sulfides  of  the 
early  Bi-As-S  stage,  and  as  blebs  intergrown  with  car¬ 
bonate,  quartz,  aikinite,  safflorite  and  various  sulfides 
of  the  middle  Bi-As-S  stage.  The  wide  distribution  and 
great  abundance  of  chalcopyrite  within  all  vein  systems 
and  most  vein  phases  indicate  that  the  proto-vein  fluids 
were  saturated  with  respect  to  the  proto-CuFeS^  molecule  (s) 
throughout  vein  mineralization.  Chalcopyrite  is  a 
major  constituent  of  the  Northrim  wall  rocks. 
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Galena  is  the  second  most  abundant  sulfide  and 
the  second  most  abundant  economic  mineral.  It  is  the 

i 

near-constant  associate  of  chalcopyrite .  Vein  galenas, 
like  host  rock  galenas  contain  minor  concentrations  of 
Ag  (0.1  wt.  %)  and  it  appears  that  the  galena  itself 
and  not  submicroscopic  (<ly)  inclusions  are  responsible 
for  the  Ag  concentrations  observed  since  Ag  concentra¬ 
tion  is  gradationally  variable  within  single  galena 
crystals.  Vein  galenas  also  carry  Bi  but  only  those 
crystals  associated  with  matildite  and  freibergite 
of  the  late  Bi-As-S  stage  contain  appreciable  amounts 
(0.6  wt.  %)  of  the  element.  It  is  thought  that  Bi 
and  Ag  concentration  of  galena  varies  with  the  phase 
of  mineralization  and  the  low  concentrations  of  both 
elements  coupled  with  the  absence  of  matildite  exsolu¬ 
tion  in  galena  suggest  low  temperatures  of  galena 
formation. 

Vein  galena  crystals  are  cubo-octahedral  especially 
for  galenas  of  the  lattermost  phase  of  mineralization 
where  octahedral  faces  have  been  extremely  well  developed. 
The  lattermost  cubo-octahedral  galenas  of  the  vug  stage 
have  planar  faces  and  cleavages  but  nearly  all  faces 
and  cleavages  on  earlier  cubo-octahedral  galenas  are 
curviplanar.  Deformation  twinning  of  most  earlier 
Bi-As-S  stage  galena  masses  have  formed  parallel  "tails 
of  lead"  structures  (cf.  Ramdohr,  1969)  and  it  is 
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concluded  that  the  last  major  period  of  tectonic  deform 
ation  occured  before  the  lattermost  stage  of  vein  miner 
alization.  The  same  conclusion  may  be  derived  from  ob¬ 
servation  of  fractures:  early  mineralized  phase  struc¬ 
tures  are  often  displaced  a  few  centimetres  along 
fractures;  late  phase  structures  are  hardly  displaced, 
let  alone  fractured  at  all. 

Sphalerite  is  a  common  but  not  abundant  sulfide 
in  most  phases  of  vein  mineralization,  particularly  the 
ones  of  the  Bi-As-S  stage.  Vein  sphalerites  are  almost 
always  free  of  minute  chalcopyrite  inclusions,  unlike 
some  host  rock  sphalerites,  but  intergrown  aikinite- 
pyrite-sphalerite  masses  are  common  in  Northrim  veins. 
Sphalerite  composition  can  be  highly  variable  since 
the  sphalerite  structure  may  accommodate  Cu,  Fe  and  Mn 
at  higher  temperatures  (Ramdohr,  1969)  but  Northrim 
vein  sphalerites  contain  only  low  concentrations  (<0.1 
wt.  °/o)  of  these  elements.  Host  rock  sphalerites  also 
have  low  concentrations  of  Cu  and  Mn  but  somewhat 
higher  concentrations  of  Fe  (Table  6).  The  vein 
sphalerites  may  have  been  formed  under  temperatures 
lower  than  the  ones  of  host  rock  sphalerite  formation. 

Preliminary  electron  microprobe  reconnaissance 
and  quantitative  analysis  indicate  that  Northrim  sphal¬ 
erites  vary  systematically  in  Fe  and  Zn  concentrations. 
Host  rock  sphalerite  (mineral  El,  Table  6),  coexisting 
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with  marcasite  in  sulfide  bodies  of  the  100  level 

contains  the  highest  Fe  and  the  lowest  Zn  concentrations 

/ 

of  any  sphalerite  analyzed  quantitatively  by  the  electron 
microprobe.  Primary  sphalerite  (mineral  FI)  with  minute 
chalcopyrite  inclusions  along  intercrystalline  boundaries 
(Plate  III-5)  contains  more  Fe  and  less  Zn  than  sphaler¬ 
ite  (mineral  F2)  intergrown  with  chalcopyrite  in  flow 
bands  (Plate  III-4).  Both  "primary"  and  "flow  band" 
sphalerites  may  contain  Cu  near  chalcopyrite  boundaries 
and  both  form  relict  pyroclasts  in  breccia  described  in 
Chapter  2.  Host  rock  brown  sphalerites  (minerals  Gl,  G2) 
intergrown  with  chalcopyrite  and  quartz  contain  more  Fe 
and  less  Zn  than  the  black  sphalerite  (mineral  G3)  which 
occurs  in  veinlets  truncating  brown  sphalerite-chalco- 
pyrite  intergrowths  of  sulfide-rich  wall  rocks  near  the 
000  vein  structure  on  the  100  level  (Plate  IV-6).  The 
vein  sphalerites  (minerals  HI,  H2)  are  distinctively 
different  than  all  host  rock  sphalerites:  they  contain 
substantially  greater  Cd  and  lesser  Fe  concentrations. 

Host  rock  "primary",  "flow  band"  and  "stringer" 
sphalerites  and  mineralized  vein  sphalerites  are  compo- 
sitionally  distinct.  Sphalerites  of  the  sulfide  pyro¬ 
clastic  breccias,  whether  they  are  primary  pyroclasts 
or  flow-banded  pyroclasts,  may  be  distinguished  from 
each  other  by  Fe  concentration  but  not  by  Cd  concen¬ 
tration.  They  cannot  be  distinguished  from  "primary" 
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sphalerites  of  the  100  level  by  Fe  concentration,  al¬ 
though  their  Cd  concentrations  are  significantly  dif¬ 
ferent.  "Stringer”  sphalerites  may  be  distinguished 
from  their  parent  sphalerites  by  lower  Fe  and  high  Zn 
but  not  lower  Cd  concentrations.  The  wall  rock-vein 
transition  between  primary,  secondary  host  rock  and 
mineralized  vein  sphalerites  seems  to  be  marked  by  a 
sharp  increase  of  Cd  and  a  slight  decrease  of  Fe  con¬ 
centration  in  vein  sphalerites.  Chemical  evidence  is 
compatible  with  textural  evidence  in  showing  that  the 
formation  of  secondary  host  rock  sphalerite,  and  by 
inference  the  formation  of  coexisting  chalcopyrite , 
pyrite,  marcasite  and  galena,  is  the  result  of  pre- 
vein/syn-vein  mineralization  by  wall  rock  hydrothermal/ 
metamorphic  and  not  vein  fluids.  The  chemical  evidence 
is  compatible  with  the  writer's  contention  that  green- 
schist  facies  metamorphism  of  host  rock  sulfides  in¬ 
volved  primary  sulfide  material  and  that  secondary 
host  rock  and  vein  sulfides  in  general,  and  sphalerite 
specifically,  were  derived  from  hydro thermal/me tamorphic 
wall  rock  fluids  which  selectively  mobilized  Pb,  Cd, 

Zn  and  Cu  from  sulfides  and  other  primary  minerals  in 
the  host  rocks. 

Pyrite  and  marcasite  are  found  only  as  accessory 
vein  minerals.  Vein  pyrite  is  common  only  in  early  U- 
Ag-As  stage  plug  and  in  early  Bi-As-S  stage  sulfide 
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assemblages;  vein  marcasite  is  found  only  in  the  vug 
stages  of  sulfide-rich  mineralization.  Alternating 

i 

layers  of  pyrite  and  marcasite  crystals  have  been  de¬ 
posited  along  vein  walls  of  the  late  vug-stage  yellow 
calcite  and  marcasite  is  the  Fe-sulfide  deposited  on 
prismatic  quartz  and  scalenohedral  calcite  crystals 
in  vug  cavities.  Marcasite  formation  is  favored  by 
lower  temperatures  and  pH  and  the  writer  concludes 
that  temperature  rather  than  pH,  dropped  substantially 
during  late  vein  mineralization  since  the  carbonates 
were  deposited  at  the  end  of  Northrim  mineralization 
as  they  had  been  before.  Wall  rock  marcasite  may  have 
formed  at  lower  pH  and/or  higher  temperatures  than  vein 
marcasite-- the  wall  rock  fluids  responsible  for  second¬ 
ary  carbonate  mineralization  in  the  wall  rocks  did  not 
deposit  the  amounts  of  carbonate  found  in  the  miner¬ 
alized  veins  and  would  not  have  had  the  carbonate  pH 
buffer  sustained  during  Northrim  vein  mineralization. 
Marcasite  and  pyrite  are  far  more  abundant  in  the  host 
rocks  than  in  the  veins.  The  pyrite  is  slightly  aniso¬ 
tropic. 

Argentite,  now  inverted  to  acanthite  is  restricted 
to  sulfosalt-rich  assemblages  of  the  hybrid  Bi-As-S/Ag-As 
assemblages  and  to  sulfide-rich  assemblages  of  the  late 
Ag-As  stage.  All  minerals  with  the  formula  Ag^S  ob¬ 
served  in  hand  specimen  were  deposited  as  argentite 
since  all  crystal  outlines  are  composed  of  cubic  and 
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octahedral  faces.  Thus  the  lowest  temperature  of  the 
late  Ag-As  stage  exceeded  176.3°  C.,  the  lowest  recorded 
temperature  of  argentite-acanthite  inversion  when  native 
silver  is  present  (Skinner,  1966).  Argentite  occurs 
with  polybasite  and  pyrargyrite  as  a  hybrid  assemblage 
which  replaces  chalcopyrite  and  other  sulfide  minerals 
in  Bi-As-S  stage  assemblages  intruded  by  Ag-As  stage 
"salt  and  pepper"  mineralization.  Pyrargyrite  and  ar¬ 
gentite  are  only  stable  together  above  197°  C.  and  this 
indicates  that  the  depositional  temperature  of  the  early 
Ag-As  stage  of  mineralization  exceeded  197°  C.  (ibid., 
1966).  Argentite  also  occurs  with  chalcopyrite  and  un¬ 
identified  sulfides  in  post  "salt  and  pepper"  minerali¬ 
zation  assemblages.  Pressure-uncorrec ted  fluid  inclusion 
filling  temperatures  of  the  Ag-As  stage  of  mineralization 
at  Northrim  were  estimated  at  175°  C.  Argentite  replaces 
interstitial  native  silver  mineralization  along  fractures 
and  one  grain  of  argentite  was  seen  in  one  fracture  which 
truncated  a  native  silver  dendrite.  Replacement  of  pre¬ 
viously  emplaced  Bi-As-S  stage  minerals  by  argentite, 
polybasite  and  freibergite  is  particularly  common  ad¬ 
jacent  to  "salt  and  pepper"  mineralized  phases. 

Bismuthinite  is  an  uncommon  mineral  in  the 
Northrim  veins.  It  occurs  as  a  replacement  of  native 
bismuth  and  associated  arsenide  minerals  along  fractures 
(Plate  X-6).  Minor  sulfide  minerals  expected  but  not 
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observed  in  the  Northrim  veins  were  bornite  Cu^FeSi , 

D  ^ 

Chalcocite  Cu^S,  stromeyerite  Gu^  Ag^  XS  and  mckin- 
stryite  Gu^^g^^Ag^  0_xS.  All  but  the  first  were  ex¬ 
pected  to  be  found  in  the  vug  stage  of  mineralization; 
the  first  was  expected  in  earlier  sulfide  assemblages 
and  it  has  not  been  positively  identified.  If  these 
minerals  are  truly  supergene  as  stated  in  Rojkovic 
(1973)*  then  the  "supergene"  stage  found  in  vein 
systems  in  other  deposits  of  the  Camsell  River  and 
Port  Radium  regions  is  an  insubstantial,  if  not  an 
absent,  stage  of  mineralization  at  the  Northrim  Mine. 
Only  the  vug-stage  clay  powder,  hematite  powder  and 
quartz  overgrowth  mineralization  is  considered  "super¬ 
gene"  by  the  writer  since  late  Cu-Ag(? ) -S-bearing 
quartz  and  carbonate  phases  occupy  unfilled  continu¬ 
ations  of  the  "salt  and  pepper"  ore  mineralization. 

Vein  sulfides,  unlike  some  wall  rock  sulfides 
and  some  vein  sulfosalts  are  remarkably  free  of  min¬ 
eral  inclusions. 


(f)  Sulfosalts 

Sulfosalt  minerals  identified  in  Northrim  veins 
include  a  member  of  the  aikinite-rezbanyite  group  (PbBi, 
Cu)Sg,  freibergite  (Ag,  Cu,  Fe,  Zn)12(Sb,  As^S-^,  mat- 
ildite-schapbachite  AgBiS2-PbS  and  polybasite  Ag^Sb^-^. 
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Semi-quantitative  analytical  results  of  the  last  three 
minerals  are  given  in  Table  ?. 

/ 

The  aikinite-rezbanyite  member  occurs  with 
native  bismuth,  galena,  chalcopyrite  and  sphalerite. 

It  is  the  most  abundant  sulfosalt  of  the  Bi-As-S  stage 
of  mineralization  and  the  most  abundant  ore  mineral  of 
the  sulfosalt  group.  It  often  envelopes  native  bismuth 
mineralization  in  small  fractures  within  strongly 
sheared  dolomite,  quartz  and  calcite.  It  is  the 
dominant  economic  mineral  of  sulfide  assemblages  con¬ 
taining  native  bismuth.  Aikinite-rezbanyite,  galena, 
chalcopyrite  and  native  bismuth  occupy  interstitial 
spaces,  cleavage  planes  and  fracture  surfaces  in  the 
pegmatitic  dolomite  rhomb  mineralized  phase.  Chalco¬ 
pyrite  and  galena  occur  as  small,  (0.1-0. 3  mm.)  widely 
distributed  but  separated  patches  in  aikinite-rezbanyite 
but  these  patches  are  not  exsolution  products  which 
exploit  mineral  and  structural  planes  of  weakness.  The 
exact  composition  of  aikinite-rezbanyite  has  not  been 
determined  but  the  mineral  appears  to  be  compositionally 
unzoned  and  free  of  Ag  and  elements  other  than  those  of 
the  general  formula,  PbCuBiS^. 

Freibergite  occurs  with  matildite  in  stringers 
and  masses  which  truncate  previous  arsenide,  sulfide, 
aikinite-rezbanyite  and  native  bismuth  mineralization 
of  the  Bi-As-S  stage.  Northrim  freibergite  contains 
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extremely  high  Ag  concentrations  but  Ag  and  other  base 
metal  concentrations  are  comparable  to  those  of  other 
freibergites  from  other  Great  Bear  Lake  veins  (Rojkovic, 
1973)*  Most  freibergites  sire  free  of  chalcopyrite , 
sphalerite  and  galena  inclusions  but  one  freibergite 
(mineral  H4,  Table  7)  contains  many  of  them  (Plates 
VII,  VIII,  IX).  The  inclusions  in  the  freibergite  to 
the  right  of  the  silver  are  considered  to  be  relicts 
of  previous  sulfide  mineralization.  The  mineral  assem¬ 
blage  in  the  plates  is  definitely  one  of  disequilibrium 
and  such  hybrid  assemblages  involving  freibergite,  mat- 
ildite,  "brederite"  (PbAs )  and  native  metals  are  common 
only  in  banded  dolomite  adjacent  to  mineralized  veins 
of  the  "salt  and  pepper”  variety. 

Matildite  (mineral  H5»  Table  7)  contains  minor 
Cu  and  Pb  and  in  one  instance  was  found  to  contain 
native  bismuth,  native  silver,  galena  and  PbAs  inclu¬ 
sions  (Plates  VII-IX,  XI).  The  native  bismuth  inclu¬ 
sions  are  almost  certainly  exsolution  phenomena  and 
the  galena  inclusions  form  a  somewhat  regular  pattern 
within  the  host  matildite.  Adjacent  sections  of  the 
matildite  contain  Pb  and  it  is  thought  that  this  pat¬ 
tern  represents  exsolution  of  PbS  from  AgBiS^.  Wid¬ 
manstatten-like  structures  of  galena  (taenite  equiva¬ 
lent)  and  matildite  (kamacite  equivalent)  have  been 
reported  for  matildites  from  several  deposits  throughout 
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the  world  and  it  is  thought  that  such  exsolution 
features  can  only  be  formed  upon  cooling  of  PbS- 

/ 

AsBiS^  mixtures  which  have  previously  crystallized 
above  215°  C.,  the  temperature  at  which  matildite 
or  BAgBiS^  assumes  the  a-AgBiS^  or  galena  structure 
(Ramdohr,  1969).  Thus  formational  temperatures  of 
this  matildite -galena  mass  of  the  Northrim  Mine  would 
be  greater  than  215°  C.,  unless  galena  and  a-AgBiS2 
were  somehow  able  to  crystallize  together.  Native 
bismuth  mineralization  without  cracking  textures  both 
precede  and  succeed  matildite  crystallization  and  hence 
matildite  formational  temperatures  could  not  have  ex¬ 
ceeded  271. 5°  C.,  the  melting  point  of  bismuth.  Most 
matildites,  like  most  of  the  freibergites  they  are 
associated  with,  are  relatively  free  of  galena  and 
other  inclusions. 

Northrim  polybasite  (mineral  C3,  Table  7),  a 
common  mineral  of  hybrid  Bi-As-S/Ag-As  stage  assemblages, 
is  remarkably  Cu-free  and  As-poor  and  must  have  been 
formed  at  a  time  when  Cu  and  As  were  less  available 
for  mineral  formation.  Pb  and  Bi  appear  to  be  present 
in  the  mineral  analysed  (Table  7)  but  these  elements  may 
be  attributed  to  galena  and  bismuthinite  inclusions 
since  concentrations  of  these  elements  were  pronounced 
to  one  comer  of  the  grain  analyzed.  Polybasite,  pyr- 
argyrite  and  argentite  replace  sulfide  minerals  along 
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the  edges  of  native  silver-skutterudite-quartz  miner¬ 
alization  of  the  Ag-As  stage.  Numerous  relict  native 

/ 

bismuth,  galena,  sphalerite  and  chalcopyrite  inclusions 
occur  in  most  instances.  Pearceite,  the  As  end  member 
of  the  polybasite-pearceite  series  was  not  observed  in 
Northrim  ores. 

Sulfosalt  minerals  sought  but  not  found  in  the 
Northrim  veins  were  stephanite  Ag^SbS^,  emplectite 
CuBiS^,  proustite  Ag^AsS^  and  pavonite  AgBi~S^.  Stephan¬ 
ite  was  expected  in  late  Ag-As  stage  assemblages;  pavon¬ 
ite  in  vug-stage;  emplectite  in  Bi-As-S  stage  assem¬ 
blages.  These  minerals,  if  present  at  Northrim,  would 
be  rather  uncommon  since  major  sulfosalt  assemblages 
containing  the  same  elements,  but  in  different  pro¬ 
portions,  have  already  been  identified  at  Northrim. 


(g)  Other  Minerals 

A  green,  micaceous  mineral,  tentatively  identified 
as  muscovite  and  probably  a  phengitic  variety  reported  by 
Badham  (1973^ »  1975)  in  veins  of  the  Terra  Mine,  fills 
fractures  which  brecciated  shear-banded  quartz  and  car¬ 
bonate  mineralization  of  the  014  vein  structure  at  North¬ 
rim.  It  was  not  an  abundant  mineral  and  it  is  thought 
to  be  coeval  with  jet  black  triarsenide  breccia  fillings 
and  chalcopyrite  blebs  of  the  early  Bi-As-S  stage. 
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Chlorite  also  occurs  in  shear-banded  carbonate  and 
quartz  of  the  014  vein  structure  as  smears  between 
the  bands.  Pale  green  fluorite  occurs  with  some  ar¬ 
senide  dendrites  of  the  late  Bi-As-S  stage.  A  clay 
mineral  of  undetermined  structure  and  composition  covers 
scalenohedral  calcite  in  the  lattermost  phase  of  miner¬ 
alization. 

Some  weathering  products  of  the  underground 
mine  workings  include  acanthite  Ag^S,  malachite  Cu^ 
(C0^)(0H)2,  annabergite  ( Ni ,  Co)^(As02|)2  .  8H20, 
erythrite  (Co,  Ni)^(AsO^)2  .  8H20,  hydrozincite  Zn2 
(C03)2(0H)6,  limonite  2Fe203  .  3H20  and  wad  MnC>2  . 
nH20.  These  minerals  form  on  wet  vein  surfaces  in  a 
few  months  or  a  few  years  upon  exposure  to  the  atmos¬ 
phere.  Vug  marcasite,  exposed  for  one  year  in  a  lab¬ 
oratory  at  the  University  of  Alberta,  developed  thin 
(1-3  mm.)  colloform  rinds,  possibly  limonite. 


Depositions!  Conditions 

The  Northrim  mineralized  veins  are  the  products 
of  hydrothermal  brine  fluids  which  carried  at  least 
the  following  elements:  the  alkaline  metals  H,  Na,  K, 
Rb;  the  alkaline  earths  Mg,  Ca,  Sr,  Ba;  the  transition 
elements  Mn,  Fe,  Co,  Ni,  Cu,  Zn,  Mo,  Ag,  Cd,  Au,  Hg; 
the  metallic  and/or  amphoteric  elements,  B,  C,  A1 ,  Si, 


P»  As,  Sb,  Pb,  Bi;  and  the  non-metallic  elements  0, 

S,  F  and  Cl.  All  of  these  elements  occur  in  vein 

/ 

minerals  and  fluid  inclusions  at  the  Northrim  Mine; 
other  elements,  especially  alkaline  metals  and  halides, 
may  be  present  in  trace  amounts.  Some  of  the  elements 
may  occur  only  in  trace  amounts  within  the  Northrim 
veins  but  this  does  not  imply  that  they  were  insig¬ 
nificant  components  of  the  parent  ore  fluid--some 
elements  (e.g.  Na,  K,  Cl)  have  hardly  been  concentrated 
in  vein  mineral  assemblages,  but  have  been  retained  by 
the  brines  entrapped  within  vein  fluid  inclusions. 

The  Northrim  veins  are  not  only  complex  in 
composition  but  also  complex  in  mineralogy.  Mineral 
assemblages  change  throughout  the  paragenesis  (Fig.  22) 
but  most  of  their  major  constituent  elements  were  avail¬ 
able  for  vein  mineral  formation  throughout  the  paragenesis 
This  is  undoubtedly  true  of  C,  0,  H,  Si,  Ca,  Mg,  Mn,  Fe, 

S,  Cu,  Zn,  Cd  and  Pb ;  other  elements  such  as  Hg,  As,  Ni, 
Co,  Ag,  Sb  and  Bi  are  likely  trace  constituents  of  many 
vein  minerals  other  than  the  hosts  detected  by  microprobe 
reconnaissance.  The  distribution  of  some  elements  through 
out  the  paragenesis  is  shown  in  Figure  23  but  it  should 
be  stressed  that  the  present  element  distribution  like 
the  present  mineral  deposition,  is  dependant  on  the  vein 
fluid  complexes  actually  precipitated,  and  not  on  the 
availability  of  elements  in  the  solution.  The  Northrim 
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veins,  then,  are  almost  certainly  the  products  of  one 
hydrothermal  fluid  regime;  a  regime  dominated  by  one 

/ 

fluid  of  complex  but  relatively  constant  composition. 

The  discovery  of  the  late  stage  stromeyerite ,  mckinstry- 
ite  and  pavonite  assemblages,  so  common  in  the  other 
Great  Bear  veins  (Robinson  and  Ohmoto,  1973;  Rojkovic, 
1973;  Badham,  1975)  would  also  support  this  conclusion 
for  the  Northrim  veins. 

Temperatures  of  vein  mineralization  are  generally 
low.  There  is  limited  native  metal  and  sulfide  compon¬ 
ent  exsolution  in  sulfosalt  (e.g.  matildite,  most 
freibergites )  and  sulfide  ( chalcopyrite ,  sphalerite, 
galena)  vein  minerals  known  to  accommodate  various  com¬ 
ponents  at  high  temperatures.  The  highest  possible 
temperature  accompanying  vein  mineralization  is  590°  C., 
the  lower  stability  limit  of  pararammelsbergite  (Yund, 
1961),  a  mineral  not  yet  found  in  any  Great  Bear  vein. 
The  presence  of  K-feldspar  in  mineralized  carbonate 
stringers  indicates  a  minimum  temperature  of  about 
310°  C.  for  this  phase  of  mineralization  (Fig.  22); 
the  presence  of  chlorite  and  muscovite  in  the  early 
Bi-As-S  stage  indicates  a  temperature  range  of  2 50- 
310°  C.  for  this  stage  of  mineralization  (Fig.  22). 

Temperatures  of  Northrim  vein  deposition  have 
been  inferred  from  mineral  assemblages,  isotope  data 
and  fluid  inclusions.  The  temperature  estimates  from 
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Figure  23 :  Paragenetic  distributions  of  elements  charac¬ 


teristic  of  Ncrthrim  mineralized  veins.  The  widths 

al  tc  the  relative  concentra- 


of 


the  bars  are  proportion 


of 


;he  elements  incorporated  m  vein  minerals 


tions 

throughout  the  paragenesis  but  no  detailed  comparison 
of  relative  concentration  can  be  made  between  bar 
widths  representing  different  elements. 


Ml  W  70 


• 

all  three  sources  were  found  to  be  consistent.  Temper¬ 
atures  of  the  middle  Bi-As-S  stage  and  ensuing  assem- 

i 

blages  did  not  exceed  271.5°  C.f  the  melting  point  of 
native  bismuth  since  there  has  been  no  evidence  for 
native  bismuth  recrystallization.  Depositional  temper¬ 
atures  of  the  earlier  bismuth-cobaltite  dendrites  were 
probably  near  271.5°  C.  since  cracking  of  cobaltite 
rims  may  have  been  caused  by  bismuth  core  expansion. 
Exsolution  of  galena  in  matildite  of  later  Bi-As-S 
assemblages  implies  deposition  of  a  mixed  AgBiS^-PbS 
phase,  "schapbachite"  (cf.  Ramdohr,  1969),  above  215°  C. 
The  assemblage  argentite-pyrargyrite  (-polybasite ) , 
one  which  replaces  sulfide  mineralization  adjacent  to 
the  granular  quartz-silver-skutterudite  phase,  is  stable 
above  197°  C.  (Keighin  and  Honea,  1969);  the  cubic  morph 
ology  of  all  acanthites,  even  the  ones  of  the  late  Ag-As 
stage,  indicates  the  deposition  of  argentite,  a  phase 
stable  above  176°  C.  (Skinner,  1966).  Primary  fluid 
inclusion  filling  temperatures  for  Ag-As  stage  quartz 
were  estimated  to  be  150-200°  C.  and  if  one  applies  a 
correction  factor  equivalent  to  0.9  kb.  maximum  pressure 
filling  temperatures  of  190-250°  C.  are  obtained.  S 
isotope  fractionation  between  sulfide  pairs  yield  temper 
atures  of  255°  C.(cp-gn),  230°  C.  (cp-py)  and  120°  C. 
(cp-gn),  upon  employment  of  the  calibration  curves  of 
Kajiwara  and  Krouse  (1971).  These  temperatures  were 
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estimated  by  Badham  (1973b)  and  this  writer  has  been 
able  to  fit  the  second  and  the  third  temperature  esti- 

/ 

mates  onto  the  paragenesis  on  the  basis  of  Badham' s 
phase  descriptions.  The  presence  of  clay  in  the  latter¬ 
most  assemblage  of  the  vug  stage  indicates  a  deposition- 
al  temperature  maximum  of  about  210°  C.  ,  the  maximum 
stability  temperature  of  any  clay  in  the  boreholes  of 
the  Salton  Sea  geothermal  system. 

A  generally  steady  decrease  of  mineralization 
temperatures  is  indicated  by  the  evidence  above.  The 
same  conclusion  may  be  derived  from  the  following  tex¬ 
tural  and  geometrical  evidence.  Minerals  of  heterogenous 
composition,  especially  the  arsenides  and  sulfarsenides , 
are  compositionally  zoned  in  a  regular  manner.  They 
generally  have  not  reacted  to  form  intermediate  phases 
of  uniform  or  gradational  composition,  a  reaction  favored 
by  temperature  increase.  The  one  possible  exception, 
the  formation  of  arsenian  gersdorf fite ,  has  already 
been  mentioned.  Vein  minerals,  layers,  crusts  and  ac¬ 
cretions  have  hardly  been  embayed  or  otherwise  affected 
by  the  passage  of  hydrothermal  fluids  responsible  for 
later  mineralization.  Any  mineralogical  and  textural 
changes  in  earlier  vein  mineralization  have  occurred 
within  millimetres,  and  most  often  with  fractions  of  a 
millimetre,  removed  from  later  vein  mineralization. 

The  preservation  of  heterogenous  U-Ag-As  stage  assemblages 
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indicates  that  temperature  decrease  may  have  accompanied 
mineralization  throughout  vein  deposition. 

Temperature  decrease  may  not  have  been  completely 
steady.  Oscillatory  banding  of  chloanthite-skutterudite , 
cobaltite  and  safflorite  composition  may  be  attributed 
to  fluctuating  temperature.  The  alternation  of  diarsen¬ 
ide  and  triarsenide  bands  in  the  early  Bi-As-S  stage 
would  have  been  related  to  temperature  fluctuation  as 
would  the  development  of  hybrid  sulfosalt  and  sulfide 
assemblages  next  to  granular  auartz-silver-skutterudite 
mineralization.  Such  hybrid  assemblages,  oscillatory 
compositions,  and  oscillatory  banding  are  insignificant 
when  compared  to  major  assemblages,  gradational  mineral 
compositions  and  simple  mineral  banding  with  respect 
to  magnitude,  abundance  and  distribution.  They  are 
considered  by  the  writer  as  small-scale  products  of 
hot,  deeper-seated  brine  fluids  which  were  permitted 
entry  to  mineralization  sites  upon  tectonically- induced 
fracture  and  dilatancy  generation.  Such  entry  would 
also  account  for  the  formation  of  "tear-drops”,  den¬ 
drites  and  rosettes,  features  which  are  formed  from 
quick-cooling  supersaturated  fluids  deposited  onto 
cooler  surfaces. 

Another  major  vein  control,  fracture  and  dilatancy 
generation,  determined  the  sites  available  for  minerali¬ 
zation.  Fracture  and  dilatancy  generation  coincided 
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with  vein  formation:  all  phases  of  vein  mineralization, 
except  the  lattermost,  have  been  repeatedly  fractured, 

i 

brecciated  and  split  by  tensional  and  shear  movements; 
any  openings  have  been  subsequently  mineralized.  During 
the  first  stages  of  fracture  generation,  mineral  forma¬ 
tion  did  not  keep  pace  with  dilatancy  creation.  The 
results  of  this  lag  were  the  development  of  multiple 
plug-like  pods  of  carbonate,  quartz,  pitchblende,  silver 
and  arsenide  m ine rail izat ion  within  single  stringers  and 
the  development  of  wide  dilatancies  on  the  000  and  014 
vein  systems  which  were  often  filled  by  single  phases 
of  later  mineralization.  In  the  middle  stages  of  vein 
formation,  mineral  precipitation  outstripped  dilatancy 
creation,  and  successive  bands  of  similar  mineralogy, 
sometimes  of  rhythmic  and  oscillatory  composition, 
developed  in  the  smaller  vein  systems.  This  continued 
until  the  lattermost  stages  of  mineralization  and  dila¬ 
tancy  generation,  when  first,  mineral  precipitation  and 
then  brecciation  diminished  and  finally  ceased  in  inten¬ 
sity.  The  products  were  sealed,  lightly  mineralized, 
open-space  vugs,  which  act  as  conduits  of  modern  ground 
and  surface  waters,  after  they  have  been  connected  by 
small,  non-mineralized  fractures. 

Pressure  conditions  during  vein  formation  are 
not  known  as  precisely  as  temperature  conditions  but 
they  must  have  been  very  low.  Vesicles,  comprising  up 
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to  35  volume  per  cent  in  the  center  of  one  basalt,  are 
still  recognizable.  Closed  vuggy  cavities,  up  to  15 
centimetres  in  thickness,  exist  in  the  later  phases  of 
vein  mineralization.  Vug  assemblage  temperatures  of 
formation  were  less  than  176°  C.,  a  temperature  attained 
within  5  kilometres  depth  assuming  a  normal  modern  temp¬ 
erature  gradient  of  3°  C./lOO  metres.  The  lithostatic 
pressure  would  be  1400  bars  (rock  density  -2.8  g./cc.); 
the  hydrostatic  pressure  550-1400  bars  (fluid  denisty 
~1.1  g./cc.).  These  pressures  may  be  considered  as 
maxima  since  the  geothermal  gradient  of  the  ancient 
continental  margin  region  may  have  been  much  greater. 

The  hydrostatic  pressure  would  have  been  the  effective 
pressure  of  vein  formation  since  dilatant  fracture 
systems  are  the  hosts  of  vein  mineralization.  The 
pressure  probably  remained  relatively  constant  through¬ 
out  vein  mineralization  since  all  vapor,  all  liquid, 
etc.  fluid  inclusion  mixtures,  symptomatic  of  effer¬ 
vescence  induced  upon  pressure  release,  have  not  been 
observed  at  the  Northrim  Mine. 

The  mineralizing  fluid  was  a  saturated  brine 
with  3°-35  wt.  %  NaCl  equivalent,  a  brine  like  the  one 
responsible  for  host  rock  vesicle  mineralization.  At 
elevated  temperatures  and  pressures,  the  mineralizing 
fluid  was  probably  the  carrier  of  the  elements  now  con¬ 
centrated  into  the  various  vein  minerals.  The  vein 


. 
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minerals  would  form  as  various  components  became 
saturated  in  the  brine  fluid  upon  temperature  decrease. 

i 

The  double  period  of  quartz,  arsenide,  silver  and 
sulfide  deposition  may  not  involve  the  influx  of  new 
mineral  components  or  new  hydrothermal  fluids  since 
a  whole  series  of  molecular/polymeric  brine  components 
could  have  been  responsible  for  the  earlier,  high  temper¬ 
ature  periods  and  a  whole  series  of  ionic  brine  compon¬ 
ents  would  have  been  responsible  for  the  later,  lower 
temperature  periods  of  mineralization.  Ionization  in¬ 
creases  in  concentrated  solvent-solute  fluid  systems 
and  polymerization  decreases  in  similar  systems  under 
decreasing  temperature  conditions  (Fyfe  and  Henley, 

1973)*  Temperatures  similar  to  the  ones  responsible  for 
greenschist  facies  metamorphism  would  be  accompanied  by 
polymeric  and  molecular  fluids  (ibid.,  1973)*  The  bulk 
of  the  components  now  present  in  the  veins  would  have 
been  concentrated  in  the  brine  fluids  during  the  higher- 
temperature  greenschist  facies  conditions  and  would  have 
been  deposited  in  lower  temperature  conditions.  A 
similar  condition  would  apply  to  secondary  wall  rock 
mineralization. 

Vein  fluid  migration,  expedited  by  the  opening  of 
fracture  systems,  now  the  sites  of  vein  mineralization, 
would  have  been  accompanied  by  vein  fluid  migration  in 
the  wall  rocks,  even  the  relatively  impenetrable  ores 
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at  North rim.  Evidence  for  this  assertion  includes  the 
continuity  of  vein  mineralization  with  secondary  host 
root  mineralization  and  the  presence  of  the  As  geochem¬ 
ical  halo.  \fein  fluid  migration  may  have  been  upwards 
in  the  former  fracture  systems  since  vein  xenoliths, 
similar  in  lithology  to  the  wall  rocks  at  Northrim, 
occur  throughout  the  veins.  Vein  fluid  migration  may 
not  have  been  substantial — the  wall  rock  xenoliths  could 
have  been  suspended  by  volatile  fluid  component  migration 
or  another  buoyancy  mechanism.  Fluid  components  would 
be  expected  to  migrate  from  wall  rock  to  vein  during 
-l^ih  formation  and  from  vein  to  wail  rock  during  vein 
mineralization.  This  suggestion  is  compatible  with  the 
highly  variable  Na,  K,  As,  S  and  Cu,  Pb,  Zn  concentra¬ 
tions  measured  in  the  wall  rocks  immediately  adjacent 
to  the  000  vein  structure.  (Fig.  8,  9). 

The  complex  geochemistry;  the  complex  mineralogy; 
the  paragenetic  sequence  of  vein  mineral  and  structural, 
events;  the  tectonically-banded,  accretionary  dendrite 
and  other  textures;  the  tectonic  control  of  vein  forma¬ 
tion  (cf.  telescoping);  depositions!,  temperatures  of  vein 
mineralization  are  common  to  Northrim  and  other  C-reat 
Bear  veins.  The  Great  Bear  veins  may  be  considered  as 
the  products  of  one  or  two  ancient  regional  geothermal 
system(s),  a  system(s)  which  resembles  the  modern  Salton 
Sea  system  in  many  respects. 
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CHAPTER  6 


THE  NORTHRIM,  GREAT  BEAR  AND 
C  0  B  ALT  -G  0  WG AND A  VEINS 

The  Cobalt-Gowganda  (Ag,  Bi,  Ni,  Co,  As)  veins 
are  remarkably  similar  to  the  mineralized  veins  of  the 
Northrim  Mine.  They  have  been  studied  much  more  intensively 
than  the  veins  of  the  Great  Bear  region  and  a  comparative 
study  of  the  Northrim,  Great  Bear  and  Cobalt-Gowganda 
veins  has  been  undertaken  to  identify  genetic  conditions 
common  to  these  veins  of  the  (Ag,  Bi,  Ni ,  Co,  As)  type. 


Mineralization 

The  multiphase,  mineralized  veins  of  the  Cobalt- 
Gowganda  mining  camp  occupy  subvertical  fractures,  joints 
and  faults.  The  veins  are  dominated  by  quartz,  calcite 
and  chlorite  but  subordinate  albite,  K-feldspar,  actino- 
lite,  sphene,  epidote,  hematite,  magnetite,  anatase  and 
various  ore  minerals  are  sometimes  present  (Jambor,  1971a). 
The  vein  minerals  fill  dilatant  fractures  which  have  been 
repeatedly  brecciated  during  vein  mineralization  and 
miarolitic  cavities  filled  with  carbonate  (Sampson  and 
Hriskevich,  1957)  may  be  found. 

The  dominant  dolomite,  calcite,  chlorite  and  quartz 
gangue  of  the  Cobalt-Gowganda  ores  is  remarkably  similar  in 
composition,  texture,  habit  and  distribution  to  the  gangue 
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at  the  Great  Bear  mines  (Halls  and  Stump fl,  1969;  Jambor, 
1971a;  Petruk,  1971ac).  The  identity  extends  to  the 
economic  minerals  identified  in  Cobalt-Gcwganda  miner¬ 
alized  veins  listed  on  Table  8..  Of  the  53  Cobalt- 
Gowganda  minerals,  27  of  the  commonest  have  already  been 
identified  in  the  mineralized  veins  and  adjacent  wall 
rocks  at  the  Northrim  Mine  (this  study)  and  39  have 
already  been  identified  in  at  least  one  mineralized 
vein  in  the  Camsell  River  or  Port  Radium  area  (Robinson, 
1971;  Rojkovic,  1973;  Badham,  1973B,  1975)*  Of  all  the 
economic  minerals  described  or  implied  to  be  abundant, 
common  or  widespread  in  the  Gobalt-Gowganda  veins  (Petruk, 
et  al. ,  1971a,b,c),  only  pararammelsbergite ,  breithauptite 
and  three-phase  silver  have  not  yet  been  identified  in 
the  Great  Bear  region.  These  three  minerals  occur 
together  in  a  high-temperature  assemblage  not  found  in 
the  Great  Bear  deposits. 

The  Cobalt-Gowganda  minerals  are  not  only  similar 
in  details  of  relative  abundance,  composition,  texture 
and  habit  but  also  occur  in  assemblages  paragenetically 
similar  to  the  ones  of  the  Northrim  Mine  and  Great  Bear- 
region.  Early  arsenide-dominated  assemblages  associated 
with  native  silver  in  rosettes,  dendrites  and  masses  are 
followed  by  sulfosalt-  and  sulfide-dominated  assemblages 
also  accompanied  by  native  silver  (Halls  and  Stump fl, 

1969;  Petruk,  1971a, c).  Individual  mineral  grains, 
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COBALT -GOWGANDA  AND  GREAT  BEAR  ORE  MINERAL: 
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dendrites,  rosettes,  layers  and  masses  are  compositionally 
and  mineralogically  zoned:  Ni-rich  centers  are  succeeded 
by  Co-rich  flanks  and  finally  by  Fe-rich  rims  (Fetruk 
et  al.,  1971a).  Ni-As,  Ni-Co-As,  Co-As,  Co-Fe-As  and 
Fe-As  assemblages  succeed  one  another  in  the  paragenesis 
(ibid.,  1971a).  Sulfide  assemblages  include  the  earlier, 
higher  temperature  native  silver-pyrargyrite-argenti te 
and  the  later,  lower  temperature  chalcocite-stromeverite 
(Fetruk  et  al . ,  1971c).  The  pyrargyrite-stephanite- 
polybasite  assemblages  may  have  been  secondary  (cf.  hybrid) 
phases  of  mineralization  (Kails  and  Stump fl,  1969). 


Depositional  Conditions 

Crus ti form,  layered,  dendritic,  botryoidal  and 
compositionally  zoned  minerals  and  mineral  structures  in 
the  Cobalt-Gowganda,  Northrim  and  Great  Bear  veins  indi¬ 
cate  that  the  mineralized  veins  were  products  of  solu- 
tional  and  not  magmatic  conditions.  Fluid  inclusions  at 
Northrim,  Echo  Bay  and  Cobalt  consist  of  an  aqueous  vapor 
bubble,  salt  solution  and  a  salt  crystal (s)  but  the  fore¬ 
most  and  lattermost  constituents  may  be  absent  in  some 
Cobalt-Gowganda  and  Northrim  fluid  inclusions.  The 
solutions  were  concentrated  brines  with  approximately 
30  wt.  c/o  NaCl  equivalent  at  all  locations  (op.  cit.  , 

1971 ;  1973;  this  study).  Pressure-uncorrected  filling 
temperatures  (Scott  and  O'Connor,  1971)  of  primary  fluid 
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inclusions  in  Silverfields  Mine  (Cobalt)  quartz  (T.  = 
125-275  C.)  and  late-stage  Silverfields  Mine  cross-veins 

i 

(T.  =  40-120°C . )  are  similar  both  to  the  ones  in  Echo 
Bay  dolomite  and  quartz  (Robinson  and  Ohmoto,  1973) 
and  to  the  ones  in  Northrim  quartz  (this  study). 

Temperatures  of  Cobalt-Gowganda  vein  deoosition 
have  also  been  inferred  by  mineral  and  mineral  assemblage 
stabilities  from  successive  phases  of  mineralization 
(Petruk,  1971a, c).  The  maximum  temperature  of  vein 
deposition  was  690°  C.,  the  upper  stability  limit  for 
chlorite  at  1  kb.  (Fawcett  and  Yoder,  1966);  the  minimum 
temperature  was  less  than  93°  C.,  the  upper  stability 
limit  for  stromeyerite  (Skinner,  1966).  Early  high- 
temperature  arsenide  assemblages  with  pararammelsbergite , 
breithauptite  and  three-phase  silver  are  succeeded  by 
assemblages  composed  of  minerals  characteristic  of 
successively  lower  temperatures  of  formation  (op.  cit. , 
1971a).  The  succession  of  lower  temperature  assemblages 
also  occurs  in  the  Terra  (Badham,  1973b;  1975)  and  the 
Northrim  (this  study)  veins.  A  sharp  initial  increase 
in  temperature  is  suggested  by  Mg  enrichment  towards 
the  outer  edges  of  chlorite,  especially  prominent  in 
the  earliest  stage  of  vein  mineralization  (Jambor,  1971c) 
and  by  replacement  of  earlier  safflorite  and  skutterudite 
assemblages  by  later  pararammelsbergite-bearing  assemblages 
(Hall  and  Stump f 1 ,  1969). 
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Fluid  inclusion  composition  and  filling  temperatures 
indicate  that  the  mineralizing  fluids  of  all  three  vein 

/ 

groups  were  concentrated  brine  fluids  which  were  entrapoed 
in  vein  minerals  under  similar  temperature  conditions, 
minerals  and  mineral  assemblages  diagnostic  of  formational 
temperature  conditions  are  similar  for  all  vein  groups 
with  one  exceptions  three-phase  silver,  breithauptite 
and  pararammelsbergite  have  been  found  in  some  early 
Cobalt-Gowganda  assemblages.  Inferred  temperatures  of 
vein  deposition  dropped  steadily  after  an  initial  rise 
in  all  vein  groups.  Inferred  lithostatic  pressure 
conditions  were  probably  low  since  all  three  vein  groups 
contain  vuggy  cavities. 

It  can  only  be  concluded  that  the  Cobalt-Gowganda, 
Northrim  and  Great  Bear  Lake  veins  were  formed  from 
remarkably  similar  mineralizing  brines  under  similar 
temperatures  and  pressures  and  furthermore,  brine  compo¬ 
sition  was  remarkably  alike  throughout  the  depositional 
history  of  the  veins  of  all  three  groups.  Brine  compo¬ 
sitions  would  be  nearly  identical  to  the  ones  responsible 
for  (Ag,  Bi,  Ni,  Co,  As)  type  scale  formation  (Skinner  et 
al.,  1967;  White,  1968)  and  regional  greenschist  meta¬ 
morphism  (Muffler  and  White,  1969)  in  the  Sal ton  Sea 
geothermal  system. 
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Cobalt-Gowganda  Regional  Metamorphism 

Mineralized  veins  of  the  Cobalt-G-owganda  mining 
camp  occur  in  the  Archaean  "Keewatin”  volcanosedimentary 
oasement,  the  Kelikian  "Huronian"  sedimentary  cover  and 
the  intruding  "Nipissing"  diabase  sheets  (Table  9). 

Unlike  the  Great  Bear  veins  which  occur  throughout  the 
Camsell  River  and  Echo  Bay  districts,  Cobalt-Gowganda 
veins  are  restricted  to  fractures  within  Nipissing  dia¬ 
base  sheets  or  in  neighboring  rocks  within  250  metres  of 
diabase  contacts.  Ni-As,  Ni-Co-As,  Co-As,  Co-Fe-As  and 
^ e-As  assemblages  generally  succeed  one  another  within 
veins  leading  away  from  centers  of  diabase  sheets,  both 
above  and  below  diabase  centers  (Petruk,  1971c).  Inferred 
diabase  wall  rock  temperatures,  based  on  paleomagnetic 
evidence,  did  not  exceed  500+75°  C.  at  the  bottom  of  a 
slate  (i.e.  argillite)  20-25  feet  below  the  diabase 
contact  in  the  Silverfields  Mine  (Symons,  1967;  1970) 
although  wall  rock  temperatures  would  have  been  higher 
above  this  level,  and  fracture  temperatures  would  have 
been  higher  below  this  level  during  diabase  intrusion 
and  subsequent  cooling.  Paleomagnetic  evidence  indicates 
that  only  the  diabase  sheet  would  have  heated  any  miner¬ 
alizing  fluids  occupying  nearby  fractures  to  temperatures 
sufficiently  high  for  pararammelsbergite  and  three-phase 
silver  formation.  The  relationship  between  diabase  sheets 
and  mineralized  veins  appears  to  be  both  a  spatial  and  a 
genetic  one. 
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TABLE  9 

COBALT-GOWGANDA  PRECAMBRIAN 
GEOLOGICAL  COLUMN 

MINERALIZED  VEINS 
( recryst alii zed ) 

fractures 

Keewanawan  Diabase  Dykes 
intrusive  contacts 
MINERALIZED  VEINS 
fractures 

"aplites"  or  "red  rock"* 

alteration  contacts  Penokean 

2155  m.y. 

Nipissing  Diabase  Sheets* 
intrusive  contact 
Huronian  Sediments 
unconformity  - 

Matachewan  Diabase  Dykes  Kenoran 

2490  m.y. 

intrusive  contact 

Algoman  G ranite/Granodiorite  Plutons 
intrusive  contact 
Haileyburian  Lamprophyre  Dikes 
intrusive  contact 
Timiskaming  Sedimentary  Sequence 
------  unconformity  ------------- 

Keewatin  Volcanosedimentary  Sequence* 

Modified  after  Jambor  (1971b).  *Known  hosts  of  mineralized 
veins . 


Elsonian 
1370  m.y. 


' 
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The  Huronian  sedimentary  and  neighboring  rocks  have 
undergone  regional  zeolite/greenschist  facies  metamorphism. 

i 

Post- deposit ional  albitization  of  detrital  plagioclase 
and  post-depositional  replacement  of  coarse  detritus 
have  been  reported  by  Petti john  and  Bastron  (1959). 
sporadic  patches  of  carbonate  have  replaced  other  minerals 
in  Gowganda  Formation  sediments  (Young,  1969).  Tillite 
matrices  are  composed  of  chlorite  and  albite  but  no 
clinopyroxene  nor  amphiboles  have  been  found  in  thin 
sections  studied  by  Young  (1969).  Some  vesicles  of 
prehnite  occur  in  Keewatin  volcanic  rocks  of  Casey  and 
Karris  Townships,  a  few  miles  northeast  of  Cobalt 
(Thomson,  1966).  Prehnite,  pumpellyite,  epidote  and 
sphene  are  found  in  Nipissing  diabase  associated  with 
metamorphosed  argillites  in  Kenwood  Township,  east  of 
Elk  Lake  and  north  of  Cobalt  (Jambor,  1971d).  Clearly 
all  of  the  prehnite,  pumpellyite  and  epidote,  and  much 
of  the  albite,  chlorite,  sphene  and  carbonate  are  meta- 
morphogenic  and  have  replaced  many  detrital  minerals 
once  present  in  rock  matrices. 

Metamorphic  mineralization  has  been  accompanied 
by  changes  in  rock  composition,  especially  in  the 
Huronian  Gowganda  Formation  (Table  10).  Tillite  matrices 
have  anomalously  high  Na20  and  H90  concentrations  but 
anomalously  low  K^O  and  CaO  concentrations.  Laminated 
argillites  have  similar  Na^O,  CaO  and  H^O  concentrations 
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and  they  generally  have  higher  K^O  concentrations  except 

for  two  argillites  collected  from  Iron  Bridge  and  Cobalt. 

/ 

K^O  concentrations  are  particularly  variable  and  they 
are  extremely  low  in  tillites  from  the  Silverfields 
Mine.  The  only  arkose  analysed  has  the  lowest  K^O  and 
the  highest  Na^O  concentrations  of  any  table  entry. 

Na^O  concentrations  and  Na^O/K^O  ratios  are  higher 
and  CaO  concentrations  lower  than  estimated  averages  of 
worldwide  shales,  worldwide  slates,  worldwide  pelites, 
Precambrian  slates,  hew  Zealand  argillites,  Norwegian 
varved  clays,  Canadian  Shield  rocks  and  Eastern  Canada 
igneous  rocks  quoted  in  Pettijohn  and  Bastron  (1959). 

The  high  Na20  concentrations  and  Na^O/K^O  ratios  are 
considered  unusual  for  the  two  argillites  from  Iron 
Bridge  and  Cobalt  since  most  modern  natural  muds  are 
composed  of  clays  richer  in  K  than  in  Na.  The  high 
Na^O  concentrations  and  Na^O/K^O  ratios  coupled  with 
low  CaO  concentrations  found  in  some  argillites  are 
difficult  to  explain  by  weathering  or  by  elemental 
exchange  with  seawater.  The  same  statement  applies  to 
similar  concentrations  in  tillites j  "if  it  is  truly  a 
glacial  flour,  the  low  CaO  content  is  difficult  to 
explain;  if  it  is  a  normal  sediment,  leached  of  its 

Q 

CaO,  then  the  Na^O  content  is  an  anomaly." 

^Pettijohn  and  Bastron  (1959). 
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The  regionally  anomalous  Na^O,  K?0 ,  CaO  and  H^O 
concentrations  and  the  regionally  dominant  albite-  » 

chlorite* carbonate  assemblages  are  most  characteristic 
of  Gowganda  (Huronian)  rocks.  Net  gains  of  Na^O  and  H20 
and  net  losses  of  K^O  and  CaO  occur  in  various  rocks  of 
the  Gowganda  Formation,  particularly  the  very  units 
which  would  have  been  most  permeable  (i.e.  arkoses, 
tillites ,  graywackes)  to  any  hydrothermal  fluid  which 
would  have  mobilized  alkaline  and  other  elements  involved 
in  mineral-fluid  exchange  reactions.  Such  hydrous  fluids 
would  be  similar  to  brines  which  are  responsible  for 
greenschist  facies  mineral  formation  in  the  Salton  Sea 
geothermal  area  where  albitization  and  decalcification 
of  calcic  plagioclase  is  accomplished  above  l60°  C.  , 
chloritization  of  various  silicate  minerals  above  the 
range  125°  C.  to  180°  C.  and  carbonatization  within  the 
range  25°  to  290°  C.  (Schoen  and  White,  1965;  Muffler 
and  White,  1969).  Such  hydrous  fluids  could  have  pro¬ 
duced  the  chill  zone  aplitic  and  mineralized  vein  alter¬ 
ations  found  in  the  Nipissing  diabase  and  the  alteration 
zones  beside  the  mineralized  veins  in  the  diabase  country 
rocks,  probably  the  mineralized  veins  themselves. 


Nipissing  "Contact"  Metamorphism 

Metamorphism  near  the  contacts  of  the  Nipissing 
diabase  appears  quite  limited.  Contact  alteration  of 
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country  rocks  is  restricted  to  an  erratic,  narrow  (2m.) 
zone  with  secondary  biotite,  muscovite  and/or  hematite  on 

i 

-the  country  rock  side  and  an  erratic,  narrow  (  1  m. )  but 
more  intensely  altered  zone  with  sericite,  albite, 
chlorite  and  carbonate  on  the  diabase  side  of  the  con¬ 
tacts  (Hriskevich,  1963;  Jambor,  1971c).  Primary  (?) 
diabase  chill  zone  minerals  have  been  replaced  by  secondary 
minerals  in  a  regular  fashion:  labradorite  has  been 
replaced  first  by  sericite  and  then  by  albite,  augite 
has  been  replaced  by  chlorite  and  all  minerals  have  been 
overgrown  by  carbonate  towards  the  country  rocks,  although 
labradorite  and  augite  may  persist  to  the  very  edge  of 
the  diabase  (op.  cit. ,  1968;  1971c).  The  erratic  nature 
of  contact  alteration  zones  and  their  characteristic 
secondary  minerals  indicate  that  the  diabase  magma  did 
not  heat  nearby  rocks  to  temperatures  any  higher  than 
the  ones  associated  with  greenschist  facies  metamorphism. 
The  centimetre-wide  altered  chill  zones  of  the  diabase 
occur  next  to  hectometres  upon  hectometres  of  albitized, 
chloritized  and  carbonatized  wall  rocks  of  the  regionally 
metamorphosed  Huronian  and  Keewatin  sequence. 

Alteration  sequences  similar  to  the  ones  above 
also  occur  in  "aplites"  (Bastin,  1935)  and  beside  min¬ 
eralized  quartz-carbonate  veins.  The  alterations  are 
particularly  prominent  in  Nipissing  diabase  hosts  and 
are  barely  discernible  in  Huronian  and  Keewatin  hosts 


, 

■ —  X. 
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since  hosts  of  the  latter  two  designations  are  composed 
of  secondary  minerals  identical  to  the  ones  of  the  aplitic 
and  vein  alterations  themselves  (Jambor,  1971c).  Quartz 
and  carbonate  generally  overgrow  other  secondary  minerals, 
especially  in  sections  adjacent  to  mineralized  veins 
(Bastin,  1935;  op.  cit. ,  1971e). 

"Contact"  metamorphism  in  the  country  rocks  of 
the  Nipissing  diabase  does  not  seem  to  result  from  meta- 
somatic  processes.  Porphyroblasts  and  intergrowths 
( 0. 5-3. 0  cm.)  dominated  by  secondary  chlorite,  sphene 
and  apatite  (cf.  spotted  alteration),  are  surrounded 
by  lighter-colored,  mafic  mineral-deficient  "aureoles" 
(0.1-2  cm.)  and  this  indicates  that  source  material  was 
obtained  within  a  few  centimetres  of  the  porphyroblasts 
(Jambor,  1971d),  a  conclusion  reached  for  similar 
chlorite-rich  patches  at  Northrim,  Chlorite  spot  dis¬ 
tribution  is  controlled  partly  by  lamination,  grain  size 
and  unconformities  (i.e.  permeability)  within  the  Huronian 
sediments  and  in  at  least  one  instance  chloritic  alter¬ 
ation  proceeds  from  the  boundary  of  coarser-grained 
laminae  into  finer-grained  laminae  of  a  banded  argillite 
(Hall  and  Stumpfl,  1969).  The  writer  considers  the 
chlorite  etc.  porphyroblasts  products  formed  from 
regionally-distributed  wall  rock  fluids  upon  cooling 
of  the  Nipissing  diabase.  Prophyroblasts  have  been 
truncated  by  vein  mineralization  (op.  cit.,  1971d). 


, 
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Contact  m e tamo rph ism  associated  with  the  Nipissing 
diabase  is  much  less  intensive  and  much  less  extensive 

i 

than  regional  metamorphism  of  the  country  rocks.  "Contact 
effects  are  identical  to  "regional"  effects  in  every 
respect  but  the  following:  spatial  association  with 
Nipissing  diabase  sheets;  the  development  of  higher- 
temperature  secondary  assemblages  containing  biotite 
and  amphibole;  and  the  development  of  large  porphyroblasts 
All  of  these  "contact"  features  could  have  been  formed 
upon  regional  fluid  influx  during  cooling  of  the 
Nipissing  magma(s). 

The  association  of  (Ag,  Bi,  Ni ,  Co,  As)  vein 
deposits  with  regional  greenschist  facies  metamorphism 
in  the  Cobalt-Gowganda  camp  is  a  constant  one.  The 
spatial  aspects  of  the  vein-metamorphic  association 
are  more  consistent  than  the  spatial  aspects  of  the 
Nipissing  diabase-mineralized  vein  association:  miner¬ 
alized  (Ag,  Bi,  Ni,  Co,  As)  type  vein  deposits  at  the 
Bruce  Mines  southwest  of  the  Cobalt-Gowganda  camp,  are 
spatially  associated  with  a  granite,  not  a  diabase,  but 
regional  greenschist  facies  metamorphism  occurred  at 
Bruce  Mines  (Bastin,  1939)  just  as  it  did  in  the  Cobalt- 
Gowganda  district.  The  (Ag,  Bi,  Ni,  Co,  As)  deposit- 
greenschist  metamorphism  association  also  occurs  in  the 
Great  Bear  mining  camp  (this  study)  and  the  Sal ton  Sea 
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geothermal  system  (Skinner  et  al.,  196?;  Muffler  and 
White,  1969). 

1 

Temporal  Relationships 

Cobalt-Gowganda  field  relationships  have  been 
summarized  in  Table  9  and  Cobalt-Gowganda  radiometric 
dates  have  been  listed  in  Table  H. 

Cross-cutting  field  relationships  indicate 
that  (Ag,  Bi,  Ni,  Co,  As)  mineralization  occurred  after 
the  formation  of  vein  alteration  zones,  "aplitic"  alter¬ 
ation  zones  and  Nipissing  diabase  emplacement.  Mineral¬ 
ized  veins  abut  the  Cobalt  Lake  Fault  which  has  displaced 
one  Nipissing  diabase  sill  some  250  feet  (Thomson,  1967). 
'The  mineralized  veins  occupy  fractures  and  their  attendant 
alterations  in  host  diabase  form  zones  of  regular  geo¬ 
metrical  form  just  as  similar  alterations  form  aplitic 
"dykes"  (Bastin,  1935)*  Thus,  the  mineralized  veins, 
aplitic  "dykes"  and  their  adjacent  carbonate- impregnated 
and  chloritized  diabase  alteration  zones  were  not  only 
emplaced  after  the  diabase  sill  had  crystallized  but 
after  a  minimum  30  metres  of  fault  displacement  had 
occurred  along  the  Cobalt  Lake  Fault.  One  can  only 
conclude  that  late-stage  diabasic  magma  fluids  were 
unlikely  to  have  been  the  fluids  responsible  for  vein 
mineralization  and  vein-related  alteration  of  host 
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diabase.  No  such  geological  constraints  exist  for 
mineralizing  fluids  present  during  regional  country 

i 

rock  metamorphism. 

The  relative  age  relationships  inferred  from 
radiometric  evidence  are  consistent  with  the  ones 
established  by  field  criteria.  Kenoran  events  include 
the  intrusion  and  subsequent  metamorphism  of  Algoman 
felsic  plutons;  Penokean  events  the  intrusion  of 
Nipissing  diabase  sills  and  metamorphism  of  Huronian 
sediments;  Hudsonian  events,  intrusion  of  Cutler  granites 
and  metamorphism  of  Nipissing  and  Huronian  sedimentary 
rocks  in  the  Sudbury-Sault  Ste.  Marie  region  and  Elsonian 
events  include  intrusion  of  two  generations  of  Keewanawan 
diabase  (Table  11) .  In  the  Cobalt-Gowganda  region, 

Penokean  radiometric  dates  predominate  and  the  two 
generations  of  granite  emplacement,  Algoman  and  Cutler, 
are  not  Penokean  in  radiometric  age.  The  latter  generation 
of  granites  are  absent  in  the  Cobalt-Gowganda  region. 

Mineralized  veins  have  been  dated  radiometrically 
using  vein  galenas.  Model  Pb  ages  for  ordinary  galenas 
in  mineralized  veins  average  2280  m.y.  and  this  indicates 
that  the  veins  were  emplaced  about  the  same  time  as  the 
Nipissing  diabase  (Thorpe,  197^)  and  about  the  same  time 
as  Penokean  regional  metamorphism  (this  study).  Ordinary 
galenas  in  sulfide-rich  Keewatin  and  Huronian  sediments 
have  similar  radiometric  ages  but  one  Keewatin  galena 
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has  been  dated  at  2805  m.y.  (ibid.,  1974).  Thorpe 
suggests  that  the  Pb  was  not  leached  from  the  country 

/ 

rocks  and  favors  the  diabase  as  the  source  of  the  Pb. 

This  writer  favors  the  Keewatin  and  Huronian  sulfides 
as  the  Pb  source  since  country  rock  metamorphism  is 
both  intensive  and  extensive  (this  study)  and  S  isotope 
ratios  of  both  country  rock  and  vein  sulfides  are  quite 
similar,  except  for  some  late  stage  sulfides  with  slightly 

34 

higher  S  values  (Petruk,  1971d).  The  Nipissing  diabase 
itself  is  not  known  for  its  high  sulfide  content  nor  do 
known  hydrothermal  fluids  carry  high  concentrations  of 
S. 

The  radiometric  evidence  indicates  that  vein 
mineralization,  regional  metamorphism  and  Nipissing 
diabase  emplacement  occurred  during  the  Penokean  orogeny. 
Huronian  sedimentation  occurred  before  this  orogeny  and 
the  20°  arc  change  in  paleomagnetic  pole  directions 
between  Huronian  and  Nipissing  poles  indicate  that 

n 

sedimentation  would  have  preceded  the  orogeny  by  10 ’  to 

o 

10  y.  if  the  modern  rate  of  magnetic  pole  wandering  is 
applicable  to  Precambrian  conditions  (Symons,  1967). 
Radiometric  evidence  also  indicates  that  the  rocks  of 
the  Cobalt-Gowganda  mining  camp  were  not  affected  by 
the  Hudsonian  nor  Hlsonian  orogenies  and  their  consequent 
metamorphic  regimes.  The  Hudsonian  and  Elsonian  orogenies 
occurred  in  the  SaultSte.  Marie-Sudbury  part  of  the 


. 


southern  province  but  the  Grenvillian  orogeny  did  not 
af x ect  radiometric  dates  anywhere  in  the  Southern 
Province.  The  radiometric  evidence  supports  the  writer' 
contention  that  vein  mineralization,  Nipissing  diabase 
intrusion  and  country  rock  metamorphism  were  synchronous 
events  in  the  Cobalt-Gowganda  mining  camp.  The  lack  of 
radiometric  isotope  reequilibration  in  the  veins  and 
rocks  of  the  Cobalt-Gowganda  mining  camp  indicate  that 
the  veins  and  rocks  have  not  been  subjected  to  temperatu: 
in  excess  of  150  to  200  C.  since  the  Penokean,  exceot 

for  some  veins  and  rocks  truncated  by  later  Keewanawan 
dykes . 

A  similar  coincidence  of  regional  metamorphism, 
Plutonic  emplacement  and  (As,  Bi ,  Ni,  Co,  As)  minerali¬ 
zation  occurs  in  the  Great  Bear  mining  camp.  Veins  of 
the  Port  Radium  district  have  also  been  truncated  by 
later  diabase  dykes. 


Genesis 

The  Cobalt-Gowganda  vein  and  wall  rock  mineral 
assemblages  are  the  common  products  of  wall  rock  form- 
ational  fluids  which  promoted  regional  zeolite  and 
greenschist  facies  metamorphism  during  the  intrusion 
and  subsequent  cooling  of  the  Nipissing  diabase.  The 
Nipissing  diabase  magma  would  have  heated  these  fluids 
to  temperatures  somewhat  higher  than  the  ones  they  would 
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have  attained  under  normal  geothermal  gradients  and 
subsequent  cooling  of  the  diabase  would  have  indirectly 
controlled  mineral  formation  in  the  adjacent  veins  and 
wall  rocks. 

Fluid  inclusion  studies  indicate  that  the 
mineralizing  fluids  were  similar  to  brines  involved 
in  the  metamorphism  of  Sal ton  Sea  sediments.  The  albite, 
chlorite,  K-feldspar  and  carbonates  characteristic  of 
C obalt-Gowganda  wail  rock  metamorphism  are  the  minerals 
which  constitute  the  bulk  of  the  gangue  in  the  mineralized 
veins.  Sphene,  epidote,  actinolite,  apatite  and  prehnite 
are  other  metamorphogenic  minerals  found  in  the  veins  but 
some  of  these  and  other  minerals  mentioned  (e.g.  garnet, 
stilpnomelane ,  allanite)  in  Jambor  (1971a)  may  have  been 
physically  introduced  from  the  host  rocks  during  vein 
emplacement  subsequent  to  tectonic  brecciation,  just  as 
similar  host  rock  minerals  were  introduced  to  the  min¬ 
eralized  veins  at  Northrim.  The  albite,  K-feldspar  and 
chlorite  of  the  earlier  stages  and  the  carbonate  of  the 
later  stages  of  vein  mineralization  are  some  of  the  most 
abundant  wail  rock  minerals.  Vein  minerals  of  economic 
importance  are  abundant  in  the  wall  rocks  adjacent  to 
mineralized  veins.  Thus  both  wall  rock  and  vein  mineral 
assemblages  could  have  formed  simultaneously  from  the 
same  hydrothermal  fluid,  almost  certainly  a  brine  which 
had  been  formed  by  interaction  of  formational  waters 
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with  coexisting  wall  rock  minerals,  under  temperatures 
and  pressures  corresponding  to  those  of  zeolite  and 

i 

greenschist  facies  metamorphism.  Evaporitic  and  seawater 
sources,  usually  invoked  as  a  source  of  alkaline,  halide 
and  other  elements  in  ore  solutions,  are  not  necessary 
for  Cobalt-Gowganda  metamorphic/vein  fluid  formation, 
and  indeed,  evaporites  and  seawater  would  be  implausible, 
if  not  impossible,  constituents  of  the  subaerial,  peri- 
glacial,  fluviatile  Gowganda  Formation  and  its  highly 
fractured  Keewatin  volcanic  basement. 

Metamorphism  was  not  confined  to  the  Keewatin 
basement  and  Hurcnian  etc.  wall  rocks.  The  Nipissing 
diabase  itself  contains  characteristically  metamorphic 
minerals.  These  include  carbonate,  pumpellyite  and  prehnite 
in  the  ones  from  Kenwood  Township  and  albite,  sphene, 
chlorite  and  sericite  in  the  ones  from  the  Cobalt  and 
Gowganda  areas.  These  minerals  are  the  metamorphogenic 
minerals  of  the  Keewatin  and  Huronian  wall  rocks  but  in 
most  diabase  sheets,  these  minerals  are  confined  to  the 
borders,  cavities  and  fractures  open  to  host  rock  fluid 
penetration.  There  are  fewer  restrictions  to  metamorphic 
mineralization  in  the  Huronian  and  Keewatin  country  rocks: 
the  Keewatin  basement  was  intensely  fractured  during  the 
Kenoran  orogeny,  and  the  Huronian  cover  may  have  been 
only  partially  lithified  before  the  generation  of  meta¬ 
morphogenic  vein  fluids. 
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Only  two  metamorphogenic  mineral  structures  of 
the  diabase  host  rocks  may  be  termed  "contact"  features. 
These  are  the  narrow,  biotitic,  hematitic  aureoles  and 
the  secondary  porphyroblasts .  The  non-me tasomatic  nature 
of  the  latter  and  the  sporadic  distribution  of  the  former 
features  indicate  that  Nipissing  diabase  intrusion  contri¬ 
buted  little,  if  any,  material  to  the  parent  metamorphic/ 
vein  fluid.  The  Nipissing  diabase  would  merely  heat 
nearby  metamorphogenic  fluids  to  temperatures  sufficiently 
high  for  modification  of  the  geothermal  gradient. 

Mineralized  vein  formation  was  certainly  controlled 
by  the  Nipissing  diabase  thermal  aureole.  Temperatures 
sufficiently  high  for  formation  of  the  pararammelsbergite- 
three  phase  silver- breithauptite  assemblage  were  generally 
attained  only  within  25  feet  of  the  Nipissing  diabase. 

Later  mineral  assemblages  of  succeedingly  lower  tempera¬ 
tures  of  formation  would  have  been  deposited  upon  further 
cooling  of  the  diabase  and  surrounding  wall  rocks.  The 
highest  inferred  temperature  of  vein  mineralization 
(69O0  G.)  is  less  than  the  estimated  crystallization 
temperature  of  the  Nipissing  diabase  magma  (1200°  C.) 
and  hence  the  diabase  had  crystallized  before  the  onset 
of  vein  mineralization.  This  conclusion  is  supported  by 
field  evidence:  mineralized  veins  occupy  fractures  which 
truncate  diabase-wall  rock  contacts,  just  as  they  truncate 
chlorite  porphyroblasts  and  ” aplitic"  alteration  boundaries. 
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The  Nipissing  diabase  intrusion  would  have  had  time  to 
contract  to  form  the  cylindrical  and  polygonal  jointing 

i 

attributed  to  cooling  during  and/or  before  the  onset  of 
vein  mineralization. 

The  intrusion  of  the  Nipissing  diabase  was  a  key 
factor  in  the  genesis  of  the  Cobalt-Gowganda  ores  but 
there  is  other  evidence  that  the  Nipissing  diabase  magma 
did  not  introduce  the  chalcophile  and  other  elements  so 
characteristic  of  the  wall  rocks  and  mineralized  veins. 

Fb  isotope  studies  by  Thrope  (1974)  indicate  that  re¬ 
mobilization  of  ordinary  Archaean  and  addition  of  wall 
rock  radiogenic  Fb  will  account  for  the  Pb  isotope  ratios 
observed  in  ordinary  country  rock  and  vein  galenas.  The 
similarities  in  S  isotope  ratios  observed  by  Petruk 
(1971d)  indicate  that  early  vein  sulfides  may  have  been 
formed  simultaneously  with  wall  rock  sulfides  from  the 
same  hydrothermal  fluid  and  that  vein  S  would  have  been 
derived  from  pre-vein  wall  rock  sulfides.  The  Nipissing 
diabase  itself  contains  low  concentrations  of  the  chalco¬ 
phile  elements  so  characteristic  of  the  mineralized  veins 
but  sulfide-rich  Keewatin  interflow  sediments  and  ande¬ 
sitic  lavas  contain  appreciable  concentrations  of  these 
elements  (Boyle  and  Dass,  1971).  Some  sulfide  structures 
of  both  the  Keewatin  and  Huronian  wall  rocks  are  demon¬ 
strably  synvolcanic  and  syndepositional  (Hall  and  Stumpfl, 
1969) --hence  sulfides  were  present  before  intrusion  of  the 
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Nip is sing  diabase.  Small  carbonate  and  sulfide  stringers 
analogous  to  the  ones  of  the  Salton  Sea  and  Great  Bear 

/ 

Lake  regions  are  locally  abundant  in  the  Huronian  and 
Keewatin  wall  rocks  of  the  Cobalt-Gowganda  ores. 

The  formation  of  Cobalt-Gowganda,  Great  Bear  and 
Salton  Sea  ores  are  identical  in  details  of  process  but 
not  always  in  details  of  geometrical  form.  The  ancient 
Cobalt-Gowganda  geothermal  system  differs  from  the  other 
two  geothermal  systems  (one  ancient,  one  modern)  only  in 
the  modification  of  the  normal  geothermal  gradient  by 
horizontally-emplaced  diabase  magmas. 
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CHAPTER  ? 


CONCLUSIONS 

i 

Mineralogical  Summary 

The  deposits  of  the  Northrim  mine  are  multi-stage, 
polyphase  veins  which  occupy  dilatancies  generated 
along  ENE  and  ESE  fracture  systems  during  the  Aphebian 
(  1600-1675  m.y.).  The  veins  sire  composed  dominantly 
of  dolomite,  quartz  and  calcite  but  various  minerals  of 

economic  significance  are  present  in  variable  concen¬ 
trations.  The  sulfide  minerals  chalcopyrite ,  galena 
and  sphalerite  are  the  most  abundant  and  they  occur 
in  all  phases  of  vein  mineralization.  Silver-beaming 
phases  include  native  silver,  freibergite,  matildite, 
argentite  and  significant  concentrations  of  Ag  (up  to 
0.4  wt.  fo)  occur  in  some  vein  galenas.  Ni-  and  Co¬ 
bearing  minerals  include  niccolite,  rammelsbergite , 
safflorite,  chloanthite-skutterudite  but  gersdorffite 
and  cobaltite  are  also  abundant.  Bi-bearing  phases 
include  matildite,  native  bismuth  and  aikinite-rezbany- 
ite  (Pb,  Bi,  Cu)S^.  Uraninite  is  an  uncommon  constit¬ 
uent.  A  rare  compound,  termed  "brederite"  in  this  study, 
may  be  a  mineral  previously  undiscovered.  The  Northrim 
vein  mineralogy  resembles  the  ones  of  other  Camsell 
River  and  Echo  Bay  deposits  in  details  of  composition, 
texture  and  morphology. 
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There  are  two  distinct  periods  of  native  silver 
and  arsenide  mineralization  but  only  one  period  of 
sulfosalt  and  native  bismuth  mineralization.  This 
also  occurs  in  the  Norex  veins  (Badham,  1973b;  1975). 
Estimated  temperatures  of  mineralization  are  310-  590°  C. 
for  the  early  U-Ag-As  stage,  215-271°  C.  for  the  late 
Bi-As-S  stage,  176-250°  C.  for  the  late  Ag-As  stage 
and  210°  C.  for  the  vug  stage  assemblages.  Useful 
criteria  for  temperature  estimation  included  mineral 
assemblages ,  fluid  inclusion  and  sulfur  isotope  data. 

The  vein  temperatures  are  generally  higher  than  the 
ones  estimated  for  the  Camsell  River  deposits  by  Badham 
(1973t>»  1975)  and  for  the  Echo  Bay  deposits  by  Robinson 
and  Ohmoto  (1973)*  An  upwards  revision  of  depositional 
temperatures  may  be  necessary. 

Wall  rock  metamorphic  assemblages  include  albite, 
actinolite,  biotite,  chlorite,  sphene,  K-spar,  epidote, 
magnetite,  hematitem  pyrite,  chalcopyrite ,  sphalerite, 
marcasite,  pyrrhotite,  galena,  quartz,  dolomite  and 
calcite.  Inferred  temperatures  of  formation  are  identi¬ 
cal  to  the  ones  of  vein  mineralization.  The  metamorphic 
mineral  assemblages  of  the  Northrim  Mine  are  identical 
to  the  ones  common  throughout  the  Camsell  River  and 
Echo  Bay  districts.  They  are  also  characteristic  of 
greenschist  facies  metamorphic  conditions.  Some  wall 
rock  primary  minerals,  still  preserved,  include  some 
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rutile,  ilmenite,  magnetite,  pyrite  and  calcic  plagio- 
clase . 

i 

The  common  volcanic  rocks  hosting  the  Northrim 
veins  are  labradorite-  and  pyroxene-porphyritic  basalts, 
lithic  lapilli  pyroclastic  breccias,  magmato-pyroclastic 
flow  breccias  and  poorly-graded  lapilli  tuffs.  The 
rocks  were  emplaced  under  a  high-energy,  subaerial 
regime  within  1  kilometre  of  (a)  major  volcanic  vent(s). 
Syenite  and  monzonite  pyroclasts,  especially  common  in 
the  pyroclastic  breccias,  were  derived  from  the  syn- 
volcanic  Rainy  Lake  pluton  at  the  bottom  of  (a)  magma 
chamber (s)  some  1-2  kilometres  stratigraphically  below 
the  Northrim  datum.  Pyroclasts  of  magnetite  and  mag¬ 
netite-rich  basalt  indicate  that  magnetite-rich  bodies 
may  have  been  emplaced  simultaneously  with  plutons  of 
the  synvolcanic  syenite-monzonite  suite,  a  conclusion 
reached  by  Badham  and  Morton  (1976)  regarding  the  numer¬ 
ous  magnetite-apatite+ac tinolite  lenses  of  the  Camsell 
River  district.  The  lithological  and  stratigraphical 
evidence  presented  in  Chapter  2  supports  the  conclusions 
reached  by  Hoffman  et  al.  (1975.  1976,  1977)  concerning 
the  Northrim  sequence  in  specific  and  the  Camsell  River 
volcano-sedimentary  pile  in  general. 

The  Northrim  volcanic  rocks  may  be  termed  calc- 
alkaline  in  every  respect  but  in  total  alkaline  element 
concentration.  Their  geochemical  composition  resembles 
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that  of  basalts  associated  with  active  modern  continental 
margins  which  overlie  subduction  zones.  Two  basalts  of 

i 

the  Northrim  sequence,  also  calcalkaline  in  all  respects 
but  in  alkaline  element  concentrations,  resemble  the  ones 
at  the  Northrim  Mine.  The  Northrim  basalts  form  a  part 
of  the  calcalkaline  (Badham,  1973a)  Camsell  River  volcano¬ 
sedimentary  sequence.  Basalts  at  the  Terra  Mine  may  have 
been  derived  from  magmas  of  alkaline  affinity. 

The  Northrim,  Camsell  River  and  Echo  Bay  rocks 
have  been  metamorphosed  under  advanced  greenschist  facies 
conditions  to  rocks  dominated  by  the  metamorphogenic  min¬ 
erals  albite,  actinolite,  biotite,  chlorite,  K-feldspar, 
magnetite  and  sphene.  This  regional  metamorphism  was 
expedited  by  the  influx  of  heated  brine  solutions,  the 
products  of  surficial  water  influx  and  of  remarkably 
high  geothermal  gradients.  Such  brine  solutions  were 
available  throughout  the  ancient  Camsell  River  and  Echo 
Bay  districts,  and  even  the  predictably  impermeable 
plutonic  rocks,  have  been  altered  by  their  passage. 
Solutional  textures  (vesicle  mineral  transitions,  mot¬ 
tling,  fracture  fillings,  alteration  zones)  involving 
minerals  most  characteristic  of  greenschist  facies 
metamorphism  are  abundant  in  the  volcanic  rocks  within 
and  are  locally  common  in  the  plutonic  rocks  near  the 
N o r thr im  Mine. 
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The  me tamorphogenic  mineral  assemblages  and  some 

of  their  textures  are  identical  to  the  ones  of  the  Salton 

/ 

Sea  geothermal  system,  a  system  bathed  by  brine  solutions 
of  surficial  and  sedimentary  provenance,  and  heated  by 
high  geothermal  gradients  at  an  unstable  continental 
margin.  The  terms  '’hydrothermal",  "geothermal"  and 
"metamorphic"  are  interchangeable  with  respect  to  the 
solutions  and  minerals  of  the  ancient  Echo  Bay  -  Camsell 
River  geothermal  system  as  they  are  interchangeable  in 
the  ancient  Salton  Sea  geothermal  system  (Muffler  and 
White,  1969). 

The  exchange  (cf.  scavenging  when  transfer  is 
made  to  the  solution),  transportation  and  depositional 
power  of  metamorphic  brines  must  have  been  great.  The 
Northrim  sequence  "basalts"  despite  the  preservation  of 
most  primary  textural  and  compositional  features,  are 
no  longer  the  rocks  they  once  were.  They  probably  have 
lost  much  of  the  Ca  and  Sr  they  had  once  contained  and 
they  probably  have  gained  more  Na,  Si,  H^O  and  GO^  than 
they  had  during  their  formation.  They  are  dominated  by 
me tamorphogenic  mineral  assemblages.  They  satisfy  all 
the  criteria  deemed  necessary  for  the  dubious  term 
"spilite".  The  volcanogenic  massive  sulfide  deposits 
of  the  Camsell  River  (and  Echo  Bay  ?)  districts  have 
been  so  metamorphosed  that  their  primary  textures  are 
barely  recognizable.  The  term  "fahlbands"  may  be 
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applied  to  them  since  they  generally  remain  conformable 
with  their  host  rocks  despite  their  metamorphosed  appear¬ 
ance.  They  are  not  the  skam  deposits  as  suggested  by 
Badham  (1975)*  The  Cu-  and  Fe-rich  volcanogenic  massive 
sulfide  deposits  are  probably  relicts  of  much  more  ex¬ 
tensive  and  varied  deposits. 

Metamorphogenic  mineralization  in  the  volcano¬ 
sedimentary  rocks  almost  certainly  occurred  simultaneous¬ 
ly  with  (Ag,  Bi,  Ni,  Co,  As)  vein  mineralization.  Miner¬ 
alized  quartz- carbonate ,  sulfide-,  and  metamorphogenic 
silicate-dominated  stringers  truncate  one  another.  Met¬ 
amorphogenic  silicate  minerals  occur  in  various  phases  of 
(Ag,  Bi,  Ni,  Co,  As)  vein  mineralization.  Radiometric 
dates  of  vein  sulfides  and  metamorphogenic  silicates 
also  indicate  that  mineralized  veins  were  formed  during 
regional  metamorphism.  The  spatial  and  temporal  coinci¬ 
dence  is  thought  to  be  no  accident:  the  Northrim,  Cam- 
sell  River  and  Echo  Bay  veins  and  wall  rock  minerals  are 
almost  certainly  the  common  products  of  regional  geo¬ 
thermal  brine-aquifer  mineral  exchange  activity.  The 
concentration  of  residual  carbonate,  quartz  and  "exotic" 
minerals  in  (Ag,  Bi,  Ni,  Co,  As)  veins  is  not  unusual-- 
they  have  been  observed  to  precipitate  from  brine  fluids 
in  the  Salton  Sea  geothermal  system.  The  vein  minerali¬ 
zation  represents  the  fracture-filled  portion  of  host 
rock  metamorphogenic  assemblages. 
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Geothermal -Metamorphic  Model  of 
(Ag,  Bi,  Ni,  Co,  As)  Vein  Formation 

/ 

The  major  aspects  of  the  model  have  been  summarized 
in  Figure  25  and  have  been  described  in  detail  within  the 
previous  chapters.  The  model  incorporates  various  geo¬ 
logical  features  and  interpretations  common  to  the 
modem  Salton  Sea  geothermal  system  and  the  proposed 
ancient  Great  Bear  and  Cobalt-Gowganda  geothermal  systems. 

Deposits  of  the  (Ag,  Bi,  Ni,  Co,  As)  association 
and  secondary  mineral  assemblages  of  the  country  rocks 
are  the  common  products  of  regional  and/or  contact  zeo¬ 
lite  and  greenschist  facies  metamorphism  accomplished 
through  host  rock  mineral  interaction  with  geothermal 
brines.  The  brines  may  act  both  as  catalysts  and  re¬ 
actants  in  reactions  leading  to  the  formation  of  meta- 
morphogenic  mineral  assemblages  and  in  so  doing  become 
saturated  with  the  very  elements  now  concentrated  in 
(Ag,  Bi,  Ni,  Co,  As)  deposits.  Most  host  rock  and 
deposit  mineralization  would  have  occurred  during 
cooling  of  the  goethermal  brine  system,  the  so-called 
retrograde  phase  of  metamorphism. 

Certain  geological  conditions  are  considered  to 
be  necessary  for  (Ag,  Bi,  Ni,  Co,  As)  deposit  formation. 
The  influx  of  surficial  waters  bearing  CO^  appears  to  be 
one  requirement.  H^O  and  C02  are  needed  for  brine  form¬ 
ation  and  both  compounds  are  substantial  components  of 
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country  rock  and  deposit  mineralization.  The  incorp¬ 
oration  of  non-magmatic ,  surficial  water  and  carbonate 

i 

are  supported  by  G  and  0  isotopic  evidence  pertaining 
to  Great  Bear  carbonate  mineralization,  by  D/H  and  0 
isotopic  evidence  pertaining  to  Sal ton  Sea  brine  form¬ 
ation  and  by  H^O  and  C02  analyses  pertaining  to  Cobalt- 
Gowganda  country  rock  mineralization.  Surficial  water 
influx  is  characteristic  of  sill  modem  brine  systems: 
meteoric  waters  are  involved  in  subaerial  and  seawaters 
are  involved  in  submarine  systems,  even  in  areas  where 
shallow-seated  magmas  are  thought  to  be  present  (White, 
1968).  Other  brine  carbonate  sources  almost  certainly 
include  wall  rock  carbonates  but  potential  sedimentary 
sources  of  carbonate  were  probably  absent  in  the  sub¬ 
aerial,  periglacial  Huronian  sediments  and  the  volcano¬ 
sedimentary  basement  of  the  Cobalt-Gowganda  district. 

A  substantially  high  geothermal  gradient  is 
considered  to  be  another  requirement  for  (Ag,  Bi,  Ni, 

Co,  As)  deposit  formation.  The  geothermal  gradient  of 
the  modern  Salton  Sea  system  is  particularly  high  and 
the  geothermal  gradient  of  the  ancient  Echo  Bay  -  Camsell 
River  (Great  Bear)  system  must  have  been  similarly  anom¬ 
alous  since  intense  greenschist  facies  metamorphism 
appears  to  be  restricted  to  the  Echo  Bay  and  Camsell 
River  districts  of  the  Great  Bear  region10.  The  geothermal 


Sub-greenschist  facies  metamorphism  is  charac- 
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gradient  associated  with  Cobalt-Gowganda  me tamo rph ism 
was  modified  by  diabase  magma  intrusion  and  the  result- 

i 

and  thermal  gradient  must  have  been  quite  high.  High 
geothermal  gradients  are  thought  to  be  necessary  since  they 
facilitate  the  formation  of  concentrated  brines 
at  high  temperatures  and  at  depths  sufficiently  shallow 
to  coincide  with  appreciable  surface  water  inflow. 

Shallow  depths  of  regional  metamorphism  and  vein  min¬ 
eralization  in  the  Cobalt-Gowganda,  Great  Bear  and 
Salton  Sea  environments,  are  well  supported  by  geo¬ 
logical  evidence,  most  notably  the  occurrence  of  miarol- 
itic  cavities  and  the  preservation  of  wall  rock  vesicles. 

Geothermal  gradients  are  generally  highest  where 
magmas  are  closest  to  surface.  The  generation  of  magmas 
close  to  surface  is  directly  related  to  high  subsurface 
temperatures  and  one  may  argue  whether  high  geothermal 
gradients  determine  the  manner  and  emplacement  of  mag¬ 
matic  bodies  or  the  rise  of  magma  bodies  determine  high 
geothermal  gradients.  The  former  argument  applies  to 
the  ancient  Great  Bear  system  since  higher  temperature 
mineralized  vein  assemblages  occur  with  lower  tempera¬ 
ture  vein  assemblages  in  most  deposits  throughout  the 
Great  Bear  districts,  irregardless  of  distance  from 


teristic  of  the  Great  Bear  Batholith  region  (Hoffman 
et  al. ,  1975;  1976;  1977)  but  advanced  greenschist 
facies  metamorphism  occurs  in  the  Echo  Bay  and  Camsell 
River  districts  (this  study). 
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obvious  felsic  plutons.  The  mineralized  veins  of  the 
Cobalt-Gowganda  region  are  restricted  to  distances 

i 

within  1000  feet  of  the  Nipissing  diabase  sheets  and 
higher- temperature  vein  phases  occur  in  vein  sections 
closer  to  the  Nipissing  diabase.  Determination  of 
thermal  gradient  by  magma  heat  is  more  applicable  to 
the  Cobalt-Gowganda  situation. 

Another  requirement  for  (Ag,  Bi,  Ni,  Co,  As) 
deposit  formation  is  the  eventual  decline  of  geothermal 
temperatures.  Such  declines  occurred  in  the  Great  Bear 
and  Cobalt-Gowganda  systems  since  both  metamorphogenic 
wail  rock  and  vein  mineralizations  were  formed  at  temp¬ 
eratures  higher  than  the  ones  now  present  in  both  regions. 
(Ag,  Bi,  Ni ,  Co,  As)  pipe  scale  formation  in  the  Salton 
Sea  system  did  not  occur  until  drilling  altered  (lowered) 
the  temperatures  in  sectors  adjacent  to  precipitation 
sites  within  the  drill  holes.  Continuously  decreasing 
temperature  conditions  occurred  in  the  Northrim,  Great 
Bear  and  Cobalt-Gowganda  sequences  of  vein  mineralisation. 
Retrograde  amphibole-biotite-chlorite  successions  occur 
in  at  least  the  Northrim  wall  rock  assemblages. 

Confined  or  partially  confined  aquifer  systems 
are  also  considered  necessary  for  (Ag,  Bi,  Ni,  Co,  As) 
deposit  formation.  The  confinement  is  thought  to  be 
necessary  since  substantial  leakage  of  thermally-heated 
fluids  through  hot  springs  would  ultimately  "drain"  the 
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geothermal  system  of  many  elements  necessary  for  deposit 
formation.  The  Sal ton  Sea  sand(stone?)  aquifer  system 
is  partially  confined  by  muddy  silt (stone)  horizons 
and  appreciable  pressure  build-ups  of  GO^  gas  have 
occurred  within  the  Imperial  CG2  field  (White,  1968). 
Similar  conditions  are  most  likely  to  have  occurred  in 
the  Great  Bear  region  of  the  late  Aphebian  (-1630  m.y.) 
and  in  the  Cobalt-Gowganda  region  of  the  late  Archaean 
(-2200  m.y.).  The  permeable  tuffs,  volcanoclastic  sedi¬ 
ments  and  pyroclastic  breccias  intercalated  with  the 
more  impermeable  volcanic  lavas  and  mudstones  of  the 
folded  Great  Bear  "homocline" ,  would  have  made  ideal 
confined  aquifer  systems.  The  permeable  "graywackes" , 
tillites  and  conglomerates  intercalated  with  the  more 
impermeable  argillites  of  the  Gowganda  Formation,  would 
also  have  made  ideal  aquifer  systems.  Permeable  rock 
units  were  certainly  exploited  by  geothermal  fluids 
in  the  Salton  Sea,  Great  Bear  and  Cobalt-Gowganda 
regions  since  solutional  phenomena  involving  metamor- 
phogenic  carbonate,  amphibole,  albite,  chlorite,  biotite, 
oxide  and  sulfide  mineralization  have  been  identified  in 
all  regions  (Chapters  2,  3i  5»  6)* 

Other  geological  factors,  including  subarid/arid 
paleoclimates  and  subaerial  environments,  may  be  neces¬ 
sary  for  (Ag,  Bi,  Ni,  Co,  As)  deposit  generation.  These 
relate  to  the  formation  and  preservation  of  saturated 
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brine  fluids,  humid  climates  would  tend  to  add  greater 
quantities  of  fresh,  meteoric  water  to  aquifer  systems 

i 

and  seawater  addition  to  aquifer  systems  under  submarine 
conditions  would  tend  to  be  too  high  in  volume.  The 
Cobalt-Gowganda,  Great  Bear  and  Salton  Sea  country  rocks 
were  generally  deposited  in  subaerial  environments  and 
subaerial  conditions  seem  to  have  predominated  after 
deposition. 

The  formation  of  saturated  geothermal  brines  may 
not  involve  rock  types  of  extreme  composition  in  all 
instances.  Neither  the  periglacial,  terrestrial  Kuron- 
ian  sedimentary  cover  nor  the  highly  fractured  Keewatin 
basement  rocks  of  the  Cobalt-Gowganda  region  were  likely 
hosts  of  bedded  carbonate  and  evaporite  deposits.  Similar 
statements  concerning  evaporites  apply  to  the  Great  Bear 
and  Salton  Sea  country  rocks.  The  alkaline  and  halide 
elements  in  the  three  regions  would  have  been  provided 
by  brine  fluid  interaction  with  various  common  silicates 
and  apatite.  Connate  seawater  is  another  possible  source 
for  some  alkalies  and  halides.  Decarbonation  reactions 
of  limestones  during  the  formation  of  calcsilicate 
skarns  is  a  most  probable  source  of  some  CO^  in  the 
Salton  Sea  system  but  decarbonation  reactions  of  car¬ 
bonate  traces  in  other  rocks  may  provide  that  part  of 
the  CO^  not  supplied  by  meteoric  water  influx. 

Primary  concentrations  of  sulfide  mineralization, 
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ones  existing  previous  to  geothermal  brine  fluid  form¬ 
ation,  may  be  instrumental  in  the  formation  of  (Ag,  Bi, 

i 

Ni,  Co,  As)  ores.  Syngenetic  sulfide  horizons  within 
the  Keewatin  basement  and  basement-derived  sulfide  clasts 
exist  in  the  Huronian  cover  adjacent  to  the  Nipissing 
diabase.  Numerous  relict  sulfide  textures  have  been 
reported  by  Halls  and  Stump fl  (1969)  and  high  background 
concentrations  of  many  chalcophilic  elements  have  been 
reported  for  sulfide-rich  Keewatin  basement  rocks  by 
Boyle  and  Dass  (1971).  These  writers  conclude  that  the 
Keewatin  sulfide  horizons  are  the  major  sources  of  hydro- 
thermal  mineralization  concentrated  in  the  mineralized 
veins,  but  this  writer  suggests,  on  the  basis  of  the 
predictably  greater  permeability  of  the  Huronian  cover 
rocks  (then  sediments  ?)  and  consequently  greater  sus¬ 
ceptibility  to  passing  fluids  of  any  kind,  that  the 
Huronian  rocks,  despite  their  present,  generally  chal¬ 
cophilic  element-depleted  condition  (the  most  logical 
conclusion  of  effective  hydrothermal  scavenging.'  )  are 
the  major  sources  of  most  of  the  elements  now  present 
in  the  Cobalt-Gowganda  mineralized  veins. 

Volcanogenic  massive  sulfides  exist  throughout 
the  Camsell  River  district  and  all  major  (Ag,  Bi,  Ni, 

Go,  As)  veins  discovered  in  the  district  are  hosted 
in  part,  by  them.  These  conformable  deposits,  certainly 
the  stratabound  ones  at  the  Northrim,  Norex  and  Terra 
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Mines,  are  not  the  magmatic  skams  interpreted  by 
Badham  (1973b,  1975)  but  they  have  certainly  been 

i 

metamorphosed  under  tectonic  and  hydrothermal  conditions- 
The  dominance  of  Gu  and  Fe-bearing  sulfides  preserved 
in  the  volcanogenic  deposits  are  attributed  to  selec¬ 
tive  dissolution  of  the  Zn,  Cd,  Pb,  Ag  and/or  Bi  (?)- 
bearing  sphalerite  and  galena  etc.  by  the  metamorpho- 
genic  brines  ultimately  responsible  for  adjacent  (Ag, 

Bi,  Ni,  Co,  As)  vein  mineralization.  The  wall  rock  Fe- 
sulfides  pyrite  (primary  and  secondary)  and  marcasite 
(primary?  and  secondary)  generally  retain  their  crystal¬ 
line  outlines  but  wall  rock  chalcopyrite ,  sphalerite  and 
galena  crystal  boundaries  have  been  obliterated.  Gu,  Pb 
and  Zn-bearing  sulfides  and  sulfosalts  are  far  more 
abundant  than  pyrite  and  marcasite  in  the  mineralized 
veins  at  the  Northrim  Mine  and  the  mineralized  veins 
of  the  Camsell  River  district  contain  high  concentrations 
of  Cu,  Ag,  Bi,  Co,  Sb,  As  and  S,  elements  hardly  concen¬ 
trated  in  Salton  Sea  geothermal  brine  solutions  but  ele¬ 
ments  most  highly  concentrated  in  Salton  Sea  pipe  scales  I 
Geochemical  evidence  is  compatible  with  textural  evi¬ 
dence  as  to  the  derivation  of  vein  components  from  sul¬ 
fide-rich  country  rocks  in  the  Camsell  River  district 
though  the  action  of  a  heated,  wall  rock-hosted  (cf. 
geothermal)  brine  system.  Similar  " diagenetic"  sulfide- 
rich  wall  rocks  (Robinson,  1971)  and  sulfide  "gossans’' 
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exist  in  the  Echo  Bay  district. 

The  formation  of  geothermal  brines  saturated 

/ 

with  respect  to  chalcophilic  elements  may  not  require 
primary  sulfide  concentrations.  Metamorphic  reactions 
involving  silicate  minerals  "bathed"  by  geothermal  brines, 
for  example  the  ones  of  the  Salton  Sea  (Muffler  and  White, 
1969),  would  be  expected  to  yield  various  incompatible 
trace  elements  during  the  active  stages  of  reaction. 

At  least  the  high  concentrations  of  Pb  and  Zn  in  Salton 
Sea  brines  may  be  attributed  to  such  reactions. 

The  composition  of  plutonic  bodies  proximally  or 
distally  associated  with  (Ag,  Bi,  Ni ,  Co,  As)  minerali¬ 
zation  is  irrelevant  except,  perhaps,  with  respect  to 
Sn,  W  and  Mo  mineralization  discussed  below.  The  veins 
of  the  Cobalt-Gowganda  and  the  Great  Bear  mining  camps 
are  nearly  identical  in  terms  of  morphology,  mineralogy, 
composition  and  paragenesis  even  though  the  vein  systems 
of  one  may  be  synchronous  with  diabase  intrusions  in  the 
former  and  the  other  synchronous  with  felsic  intrusion 
in  the  other.  The  composition  of  the  Salton  Sea  pipe 
scales  are  nearly  identical  with  the  ones  of  both  vein 
systems  and  yet  diabase  and  other  mafic  magmas  are  un¬ 
known  in  the  Salton  Sea  Trough.  The  obvious  conclusion j 
magmas  do  not  generally  contribute  significant  quantities 
of  material  to  the  non-magmatic  hydrothermal  fluids  re¬ 
sponsible  for  vein  mineralization  but  they  may  act  as 
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heat  sources  which  promote  brine  fluid-mineral  element 
exchange.  Even  the  Nipissing  diabase  magma  may  not 
have  contributed  appreciable  material  to  the  Cobalt- 
Gowganda  veins  since  vein  mineralization  formed  after 
diabase  crystallization  and  some  vein  mineralization 
formed  after  movement  along  the  Cobalt  Lake  Fault  had 
displaced  the  Nipissing  diabase-Huronian  host  contact 
some  200  feet.  The  writer  has  suggested  that  metamor- 
phogenic  wall  rock  fluids  entered  the  cooling,  post- 
magmatic  Nipissing  diabase  via  fracture  systems  and 
along  chilled  diabase  margins  and  if  this  did  indeed 
occur,  then  the  deposits  of  the  Cobalt-Gowganda  region 
are  composed  of  material  almost  completely  derived  from 
volcanic  and  sedimentary  country  rock  material.  A  hot, 
mafic  magma  may  have  been  required  to  create  the  thermal 
conditions  suitable  for  advanced  zeolite  and  greenschist 
facies  metamorphism  and  concentrated  brine  formation  in 
the  region  which  was  a  stable  continental  hinterland 
during  the  Archaean  (-2200  m.y. ).  The  Salton  Sea  and 
Great  Bear  deposits  occur  in  continental  margin  environ¬ 
ments  which  may  be  related  to  subduction  zone  plate 
activity,  a  point  aptly  made  by  Badham  (1976)  concerning 
several  (Ag,  Bi,  Ni,  Co,  As)  deposits. 

The  role  of  volcanic  and  sedimentary  country  rocks 
appears  to  be  quite  important  in  deposit  formation.  The 
average,  primary  composition  of  volcanic  and/or  sedimentary 
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successors  does  not  seem  to  determine  the  existence  of 
(Ag,  Bi,  Ni,  Co,  As)  vein  formation  or  the  existence  of 

i 

regional  greenschist  facies  metamorphism  but  it  seems  to 
influence  the  relative  abundances  of  the  elements  and 
their  host  minerals  ultimately  present  in  the  veins 
and  wall  rocks,  through  interaction  with  the  inter¬ 
mediary  brine  fluids.  Low  concentrations  of  Ni  in 
Sal ton  Sea  brines  and  pipe  scales  is  attributable  to 
low  concentrations  of  mafic  mineral  detritus  in  the 
Sal ton  Sea  sediments.  U,  an  element  abundant  in  Great 
Bear  veins,  is  attributable  to  brine  interaction  with 
felsic  tuffs  and  volcanoclastic  sediments.  An  inter¬ 
mediate  but  varied  country  rock  composition  equivalent 
to  that  of  an  andesitic  lava  or  of  a  shale,  may  be  re¬ 
quired  for  (Ag,  Bi,  Ni,  Co,  As)  deposit  formation  but 
this  criterion  may  not  be  too  discriminating  for  natur¬ 
al  systems,  because  most  volcanic  and/or  sedimentary  rock 
sequences  are  of  intermediate  composition.  Plutonic 
rocks  may  also  contribute  material  through  brine  fluid- 
mineral  interaction  but  this  contribution  is  not  as  sub¬ 
stantial  since  most  plutons  are  generally  more  massive, 
less  porous,  less  permeable  and  less  fractured  than 
volcanic  and  sedimentary  cover  rocks. 

Another  requirement,  not  thought  to  be  necessary 
for  (Ag,  Bi,  Ni,  Co,  As)  deposit  formation  but  for  vein 
formation,  is  the  coincidence  of  waning  geothermal 


activity  with  tectonic  fracture  generation.  Tectonic 
stress  is  necessary  to  create  the  fracture  sites  of 
vein  formation  and  waning  geothermal  activity  is  re¬ 
quired  to  encourage  precipitation  of  various  components 
in  concentrated  brine  fluids.  Fracture  generation  will 
also  provide  channel  ways  permitting  deeper-seated, 
more  concentrated  brines  to  rise  to  levels  sufficiently 
cool  enough  for  vein  mineral  precipitation.  The  Salton 
Sea  pipe  scales  in  particular,  formed  because  the  natural 
geothermal  gradient  was  disturbed  along  the  drill  holes 
and  hotter,  deeper-seated,  more  concentrated  brine  com¬ 
ponents  rose  in  the  open  holes  to  the  cooler  sites  of 
present  pipe  scale  mineralization.  Wall  rock  metamor- 
phi c/hydro thermal  fluids,  sometimes  termed  formational 
waters,  are  often  confined  at  pressures  equalling  or 
exceeding  load  pressures  and  such  fluids  would  generate 
their  own  dilatancies  even  if  "split"  or  "pull  apart" 
tensional  stress  systems  were  not  operating  during  brine 
cooling.  The  lack  of  tectonically- imposed  weaknesses 
would  preclude  the  development  of  veins  but  not  of  dis¬ 
seminated  deposits  containing  the  elements  characteristic 
of  the  (A g,  Bi,  Ni,  Co,  As)  association.  Disseminated 
deposits  of  this  association  would  tend  to  be  of  lower 
grade  than  vein  deposits  since  brine  fluid  flow  would 
not  be  confined  to  one  set  of  planar  fractures  but 
higher  grade  deposits  may  occur  wherever  primary 


1  L  .  '  . 

' 

. 


250 


concentrations  of  these  elements  had  existed  before 
the  development  of  secondary  fluid  systems.  The  Hg 

i 

haloes  commonly  surrounding  sulfide  deposits  are  prob¬ 
ably  the  lower  temperature  phases  of  such  secondary 
deposits.  Similar  meta-hydro thermal  origins  have  been 
proposed  for  small  satellite  (Ag,  Bi,  Ni,  Co,  As)  veins 
associated  with  massive  sulfide  deposits  at  Broken  Hill, 
Australia  and  ’ fahlbands'  at  Kongsberg,  Norway  (Halls 
and  Stumpfl,  1972). 

The  model  developed  and  described  above  seems  to 
be  consistent  with  all  the  mineralogical ,  geochemical, 
textural,  paragenetic,  radiometric,  stratigraphic  and 
structural  evidence  concerning  the  genesis  of  the  North- 
rim,  Great  Bear,  Salton  Sea  and  Cobalt-Gowganda  (Ag,  Bi, 
Ni,  Co,  As)  veins.  It  incorporates  many  of  the  ideas 
and  interpretations  common  to  many  researchers  but 
many  of  these  ideas  and  interpretations  have  never 
been  applied  systematically  to  studies  of  the  genesis 
of  the  (Ag,  Bi,  Ni,  Co,  As)  veins.  The  model  appears 
to  be  a  reasonable  but  crude  first  approximation  of 
the  events  leading  to  vein  formation  in  the  deposits 
studied  within  the  thesis,  but  there  may  be  some  de¬ 
posits  which  do  not  fit  the  model.  The  Kercynian  (Ag, 
Bi,  Ni,  Co,  As)  deposits,  ones  not  studied  in  great 
detail  within  the  thesis,  will  be  considered  briefly. 

The  Hercynian  Cornwall  and  Brzegebirge  (Bohemian) 
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deposits  have  substantial  3n,  W  and  Mo  concentrations 
not  found  in  the  Great  Bear,  Cobalt-Gowganda  and  Sal ton 

/ 

Sea  deposits.  The  polyphase  Cornwall  Sn,  W  and  Mo  min¬ 
eralization  is  present  at  depth  and  estimated  tempera¬ 
tures  of  formation  (500-575°  0.)  exceed  the  ones  (<150- 
500°  C.)  of  native  silver,  arsenide,  sulfide  and  fluor¬ 
ite  mineralization  present  at  shallower  depths  (Stanton, 
1972).  Erzegebirge  Sn-W ,  Au-quartz  and  Mo  mineralized 
phases  are  the  earliest  ones  to  be  formed!  they  are 
succeeded  in  turn  by  quartz-base  metal,  pitchblende- 
quartz-calcite ,  and  Ag-Sb-carbonate  assemblages  which 
occupy  Hercynian  fracture  systems;  the  later  succession 
of  base  metal  sulfide-quartz-barite-fluorite,  arsenide- 
native  metal  and  Ag-Hg-carbonate-sulfosalt  assemblages 
occupy  the  later  Saxonic  fracture  systems  (Badham,  1976). 
All  the  Erzegebirge  and  Cornwall  mineralized  phases  are 
considered  by  most  authorities  to  be  the  products  of 
either  mafic  or  felsic  magmas  but  Halls  and  Stumpfl 
(1969)  consider  all  single  sources  of  vein  mineralization 
suspect  since  the  emplacement  of  the  structurally  and 
temporally  distinct  polyphase  assemblages  of  both  regions 
spans  the  period  from  the  late  Carboniferous  to  the  late 
Tertiary.  This  writer  suspects  that  all  assemblages  but 
the  ones  containing  Sn-W  and  Mo-bearing  minerals  were 
derived  from  me tamorphogenic  fluids  of  vein  provenance 
since  the  "all  but  one"  group  of  assemblages  present  in 
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the  Cornwall  and  Srzegebirge  regions  are  remarkably 
similar  to  the  ones  studied  in  great  detail  within 

/ 

the  thesis.  The  geothermal-metamorphic  genetic  model 
is  also  supported  by  the  occurrence  of  regional  low 
pressure,  high  temperature  (greenschist  facies)  meta¬ 
morphism  in  rocks  of  the  Hercynian  orogen  (op.  cit. ,  1976). 
It  is  most  significant  that  spilitic  basalts  and  kerato- 
phyric  andesites  of  Devonian  age,  including  the  ones 
hosting  mineralized  veins  in  Cornwall  and  Devonshire, 
are  characteristic  of  the  Kercynian  orogenic  belt(s) 

(Juteau  et  Rocci  en  Amstutz,  197*0  •  The  geothermal/ 
metamorphic  model  of  brine  formation  and  vein  deposition 
appears  to  be  applicable  to  the  genesis  of  the  Hercynian 
deposits . 

The  proposed  genetic  model  (Fig.  25)  may  apply 
to  almost  all  (Ag,  Bi,  Ni,  Co,  As)  vein  systems.  The 
collection  or  "scavenging"  phase  involves  the  conversion 
of  meteoric  to  formational  and  ultimately  to  saturated 
brine  fluids  through  interaction  with  aquifer  minerals 
under  shallow-seated  prograde  (increasing)  and  retrograde 
(decreasing)  temperature  conditions.  The  later  deposition 
or  "mineralization"  phase  involves  the  formation  of  meta- 
morphogenic  minerals  under  prograde  conditions  and  the 
formation  of  metamorphogenic  mineralization  in  both  per¬ 
meable  wall  rocks  and  fracture  systems  under  retrograde 
conditions.  The  opening  of  fracture  systems  would 
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Figure  25:  Geo thermal -Met amorphic  model  of  (Ag,  Bi,  Ni, 
Co,  As)  vein  formation  (rough  sketch).  Iiany  of  the 
major  physical  and  chemical  conditions  of  greenschist 

etc.  metamorphism  are  indicated  on  the  diagram.  Meta- 
morphogenic  mineral  products  are  included  under  the 
host  column  to  the  left  of  and  rock  types  of  extreme 
composition  under  the  host  column  to  the  right  of  the 
vein  column.  Much  of  the  discussion  included  in 
Chapters  and  pertains  to  the  model.  The  writer 
expects  that  better  and  more  complete  models  will  be 
presented  by  more  experienced  researchers  in  the  near 
future . 


accompany  upwards  movement  of  volatile  brine  components 
and  continued  brine  component  flow  would  concentrate 
specific  mineralized  phases  at  specific  levels. 


Summary  Statement 

A  general-case  geothermal/me tamorphic  genetic 
model  seems  to  apply  to  all  the  (Ag,  Bi ,  Ni,  Co,  As) 
deposits  studied  by  the  writer.  Some  ideas  incorpor¬ 
ated  within  the  model,  most  notably  the  ones  concerning 
lateral  secretion,  have  been  applied  to  the  Cobalt- 
Gowganda  (e.g.  Kails  and  Stumpfl,  19&9)  and  "to  the 
Great  Bear  (Robinson,  1971)  deposits  but  little  ref¬ 
erence  has  been  made  to  the  crucial  studies  of  research 
ers  involved  with  the  Salton  Sea  geothermal  system,  e.g 
Muffler  and  White  ( 1 969 )  and  consequently  the  role  of 
intense,  regional/contact  greenschist  facies  metamor¬ 
phism  associated  with  most,  if  not  all,  (Ag,  Bi,  Ni, 

Co,  As)  veins  has  been  virtually  ignored. 

Present  misconceptions  concerning  the  genesis 
of  the  (Ag,  Bi,  Ni,  Co,  As)  vein  deposits  are  attribut¬ 
able  to  the  lack  of  knowledge  concerning  and  the  con¬ 
sequent  underestimation  of  the  contribution  of  meteoric 
and  other  surface  waters  to  zeolite  and  greenschist 
facies  metamorphism,  the  scavenging  potential  of  such 
waters  with  respect  to  the  components  which  are  con- 
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centrated  within  resultant  geothermal  "brines  and  the 
tendency  of  all  brine  solutions  to  lose  various  com- 

/ 

ponents  at  various  rates  upon  temperature  decrease 
with  subsequent  lowering  of  the  geothermal  gradient. 

The  invocation  of  hypothetical,  special  or  mythical 
magmatic  conditions  to  cover  gaps  and  inconsistencies 
in  our  knowledge  concerning  these  deposits  adds  little 
to  a  proper  evaluation  or  to  our  understanding  of  the 
genesis(es).  The  role  of  magmatic  fluids  in  the  form¬ 
ation  of  (Ag,  Ei,  Ni,  Co,  As)  deposits  appears  to  be 
negligible  except,  perhaps,  with  respect  to  Sn,  W,  Mo, 
and  some  U-bearing  mineralization  of  high- temperature 
phases  which  are  spatially  and  temporally  related  to 
felsic  plutons  but  which  are  either  rare  or  absent  in 
rocks  adjacent  to  mafic  plutons.  The  geneses  of  the 
(Ag,  Ni,  Bi,  Co,  As)  deposits  considered  here  are  re¬ 
markably  similar  to  one  another  in  terms  of  process 
but  not  necessarily  in  terms  of  geometrical  form. 

The  model  presented  above  suffers  from  numerous 
defects  due  to  the  complexity  of  the  metamorphic  pro¬ 
cesses  indicated  by  various  lines  of  evidence  and  to 
the  inexperience  of  the  writer  as  a  researcher.  Never¬ 
theless,  the  writer  considers  the  model  as  a  crude  but 
necessary  approximation  of  the  natural  conditions  truly 
responsible  for  deposit  formation  of  the  (Ag,  Bi,  Ni , 
Co,  As)  association.  Perhaps  the  model  will  indicate 


more  appropriate  directions  of  research  not  apparent 
to  the  writer. 
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APPENDIX  I 

MAJOR  OXIDE  AND  TRACS  ELEMENT  ANALYSES 

i 

All  X-ray  fluorescence  analyses  were  performed  in 
the  laboratories  of  Dr.  J.  G.  Holland  of  the  University 
of  Durham,  England.  Corrections  of  analytical  values 
were  made  using  the  procedures  of  Holland  and  Brindle 
(1966).  Analytical  values  quoted  in  the  tables  were 
well  in  excess  of  the  lower  detection  limits  for  the 
procedure  employed  on  a  Phillips  1212  X-ray  fluorescence 
spectrometer. 

The  analytical  values  were  normalized  on  a  CO^- 
and  H^O-free  basis  and  fed  into  a  computer  program, 
"Normcal",  developed  by  Dr.  R.  C.  0.  Gill.  The  various 
petrochemical  functions  were  calculated  using  the  X-ray 
fluorescence  data. 

The  detection  limit  of  As  was  5  ppm;  many  samples 
had  lower  concentrations  of  this  element.  Sample  distri¬ 
bution  of  concentrations  in  some  elements  appeared  to  be 
bimodal  and  averages  were  computed  from  the  element 
concentrations  closest  to  the  value  of  the  major  peak. 
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